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ABSTRACT
This study presents a dynamic model of the economy of Papua New 
Guinea, constructed to assist in the formulation of policies for future 
development. The government of Papua New Guinea has stated a set of 
development objectives which emphasises its concern for a greater 
participation of the population in the process of economic development. 
Accordingly, the model presented deals with the interactions between 
changes in the characteristics of the population and the structure of the 
economy in the course of development. The model is designed specifically 
for Papua New Guinea and takes into account the special features of its 
population and economy. Progress towards the achievement of the 
government's objectives will necessarily take several decades; so the 
model takes the form of a computer simulation program to generate long­
term projections of economic and demographic changes. The model, 
constructed on the basis of the limited data that is currently available, 
uses a modular structure which will facilitate subsequent revisions 
that will be required as additional information becomes available.
The use of the model is illustrated by generating a number of 
long-term projections of the population and the economy under alternative 
assumptions about government policies and exogenous variables. The 
concept of a long-term strategy is developed as a consistent, connected 
sequence of decisions which lead towards the desired long-term 
objectives. Examples of such strategies are presented, which show how the 
model can be used to assist the government in choosing from alternative 
combinations by comparing their effects on a number of important economic 
and demographic variables. The examples have been chosen to indicate 
how a wider range of options is possible when the task of planning is 
viewed from the long-term perspective. It is hoped that the model will 
provide decision-makers in Papua New Guinea with a useful tool for the 
formulation and evaluation of strategies to guide the future of their 
nation.
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CHAPTER 1
INTRODUCTION
Papua New Guinea became an independent nation
on 16 September 1975. The government elected in 1972,
which has presided over the celebration of independence,
has committed itself to the formidable task of planning
the future development of the new nation. The government
has adopted an interesting, novel view of the task of
nation-building which amounts to a radical departure from
the tendency to measure development simply in terms of
the growth of total or average incomes. The desired
direction of development has been summarised in the
following eight aims:
A rapid increase in the proportion of 
the economy under the control of Papua 
New Guinean individuals and groups, and 
in the proportion of personal and property 
income that goes to Papua New Guineans.
More equal distribution of economic 
benefits, including movement toward 
equalization of incomes among people 
and toward equalization of services 
among different areas of the country.
Decentralization of economic activity, 
planning and government spending, with 
emphasis on agricultural development, 
village industry, better internal trade 
and more spending channelled through 
local and area bodies.
An emphasis on small-scale artisan, 
service, and business activity, relying 
where possible on typically Papua New 
Guinean forms of organization.
A more self-reliant economy less 
dependent for its needs on imported 
goods and services and better able to 
meet the needs of its 'people through 
local production.
2An increasing capacity for meeting 
government spending needs from locally 
raised revenue.
A rapid increase in the active and 
equal participation of women in all 
types of economic and social activity.
Government control and involvement in 
those sectors of the economy where 
control is necessary to assure the 
desired kind of development. ^
These aims indicate a concern for the involvement 
of people in the process of economic growth, recognising 
that the development of Papua New Guinea will involve a 
far-reaching transformation of the population as well as 
the structure of the economy.
The proclamation of these objectives presents a 
challenge to economists to provide assistance towards their 
ultimate realisation. This study seeks to contribute to 
the task facing the government by constructing a model 
of the interactions between changes in the population 
and the economy. The model has been tailored to suit 
the special features of Papua New Guinea, to provide a 
basis for policy formation by comparing the effects of 
alternative strategy choices available to the government. 
Both short-term and long-term decisions will be required 
to promote the desired kind of development, but as the 
eight aims have stressed objectives where perceptible 
progress will require several decades, the present study 
has chosen to concentrate on the formation of policies 
for a correspondingly long period.
1 Cabinet directive, 14 December 1972; cited in Papua 
New Guinea Strategies for Nationhood (1974), p.l.
3The population of Papua New Guinea is sharply 
divided into groups with diverse characteristics, engaged 
in widely different economic activities. Progress towards 
the objectives expressed in the eight aims must take 
account of the changes affecting each of these groups and 
their activities. Therefore, the model presented in this 
study is based on a considerable disaggregation of the 
population and the economy. The basis of the classification 
has been chosen to provide useful indicators of progress 
toward the objectives adopted by the Papua New Guinea 
government: to show the rising productive capacity of the
population in terms of skills, and their participation in 
various sectors of the economy as against the role of 
expatriates. The changing characteristics of the population 
are used to monitor progress towards full employment and 
urbanisation associated with changes in the organisation 
of production, while projections of income levels and 
numbers of participants in various occupations are combined 
to trace the effects of economic growth on the distribution 
of income.
Once the model is designed in this way, its 
working will depend on a very large number of relationships 
involved in the interactions of economic and demographic 
variables. Furthermore, it will have to follow the 
behaviour of the system over a long period in order to 
explore alternative approaches towards the stated objectives. 
A qualitative, or verbal, understanding of the interactions 
is not sufficient to indicate how specific government 
actions will affect particular variables at various times; 
as Myrdal1 has demonstrated, any policy decision will
1 Asian Drama (I960).
4ultimately influence all aspects of development through 
cumulative processes of 'circular causation'. It is 
therefore highly desirable to use quantitative models to 
investigate the relative importance of the numerous, 
simultaneous interactions involved in the future evolution 
of the population and the economy.
So long as the prime concern of planning development 
remained with the regulation of economic growth, quantitative 
studies could rely on highly simplified mathematical models 
expressed in terms of relations between macro-economic 
variables denoting levels of production, incomes and 
expenditures. Such models have been used extensively to 
guide policy formation in developing countries, but it is 
increasingly recognised that such analytical models quickly 
reach their limits of usefulness. Only essentially simple 
functional relationships, or alternatively a limited 
number of variables can be admitted, posing very serious 
problems in any attempt at an adequate representation of 
the involvement of the population in the process of 
development.
The use of computer simulation offers a number 
of important advantages over mathematical, or analytical 
models. The large memory capacity provided by modern 
computers means that the population and the sectors of 
production can be disaggregated in considerable detail, 
according to the classifications required to study the 
process of economic growth and its effect on the population. 
Moreover, the range of interactions taken into account in 
the derivation of changes in the composition of the 
population and the pattern of production need not be 
limited by the number of calculations required. The speed 
at which such calculations are performed by a computer
5is such that, at present, the effective limit on the scope 
of computer simulation models is the ability of model- 
builders to formulate and quantify interactions known to 
be relevant to the process, or system, that is being 
modelled.
Given the limits of time and data, even complex 
simulation models cannot provide more than a highly 
stylised representation of the actual pattern of socio­
economic interactions. Moreover, the system that is 
represented is always subject to a considerable number of 
exogenous influences, only some of which can be regulated 
by government actions. Accordingly, the numerical 
projections generated by such models cannot be regarded 
as predictions of future events. However, the projections 
can be used in the design of government strategies: 
alternative choices can be compared in terms of their 
different effects with respect to selected criteria.
Computer simulation models facilitate the repetition of 
such comparisons to investigate whether these differences 
persist under different assumptions regarding exogenous 
influences.
In view of all these considerations, the model 
constructed for this study takes the form of a computer 
simulation program, designed to generate long-term projections 
of changes in the size and composition of the population 
together with the growth and pattern of production. Such 
projections can contribute to the task of policy formation 
by comparing the consequences of certain alternative 
long-term strategies, under a wide range of assumptions 
about exogenous influences on the development of Papua 
New Guinea.
6The first and still the best-known application
of the simulation technique to study the interactions of
economic and demographic variables is the study of the
Indian population and economy by Coale and Hoover.^ Their
model was used to explore the effects of different
exogenously assumed time paths of fertility rates on the
pattern of economic development over a period of thirty
years. This seminal work has been followed by a number
of other models concerned with these interactions, including
models by Hoover and Perlman (1966), Demeny (1965), Enke
(1971) and Brown (1974). So far the most advanced of these
are the BACHUE series of models, currently being prepared
2for use in the Philippines and in Kenya. These models,
3which have become known as economic-demographic models, 
have placed increasing emphasis on the role of economic 
changes in influencing the rate of growth of population as 
well as the effects of population growth on economic 
development. These models have employed different methods 
of incorporating interactions between the growth of 
population and production. The general trend of their 
evolution has been towards increasing sophistication,
1 Population Growth and Economic Development in Low 
Income Countries (1958) .
2 These models are designed by the World Employment 
Programme of the International Labour Offices.
The nature of the BACHUE series of models is outlined 
in Blandy (1973), Wery (1974) and Hopkins (1975).
3 A comprehensive review of the more important 
economic-demographic models that have been developed 
may be found in Southeast Asia Development Advisory 
Group (SEADAG) (1975).
7especially by an increasingly detailed subdivision of 
sectors of production and classification of the population; 
for example by educational qualifications and by location 
in addition to the classification by age and sex used in 
the Coale and Hoover model.
This study describes the construction of a 
model along similar lines, and is concerned to demonstrate 
that economic-demographic models can become a useful part 
of the planning process in developing countries, by 
designing a model specifically for Papua New Guinea. The 
scope of the model is necessarily limited by the available 
data from Papua New Guinea; accordingly the model is 
structured to concentrate attention on some particular 
policy issues. The fields that have been selected for 
study are ones where policies have to be made consistently 
over a long period of time and where decisions are ideally 
reached in conjunction with those in other fields, rather 
than in isolation. Particular attention is paid to the 
problem of formulating strategies over a period long 
enough for those strategies to show significant effects 
on progress towards the stated aims of development.
Chapter 2 presents a brief introduction to Papua 
New Guinea, and describes the characteristics of the economy 
and the people, stressing the important role of government 
actions in the recent pattern of changes. Chapter 3 then 
introduces the computer simulation model, constructed as 
a linked series of submodels, each concerned with a 
particular process of economic and demographic change. 
Chapters 4 to 10 describe the operation of these components 
in more detail. The complete model is then reassembled 
in Chapter 11, to generate a single projection, described 
as the 'basic' projection, to be used as a benchmark
8for comparisons. Chapter 12 describes a series of variations 
around the 'basic' projection, indicating how the same 
combination of strategies can lead to different results 
when exogenous variables and parameters are altered.
Finally, Chapters 13 to 16 illustrate the use of the model 
to generate long-term projections corresponding to 
alternative combinations of strategies.
The study does not seek to recommend particular 
options: this is not the prerogative of a model-builder.
As discussed in the concluding chapter, it is hoped that 
by exhibiting the design and use of such a model, the 
study will encourage the decision-makers of Papua New 
Guinea to consider a broad and imaginative set of alternative 
long-term strategies to guide the process of development.
9CHAPTER 2
THE ECONOMY AND POPULATION OF 
PAPUA NEW GUINEA
Section 2.1; The setting
The new nation of Papua New Guinea occupies 
the eastern half of the large island of New Guinea, and 
several hundred other islands of varying size spread over 
the Pacific Ocean north and north-east of Australia. The 
population in 1971 was 2.49 million, of whom just over 
50,000 were expatriates, mostly from Australia.'*’ The 
indigenous people are of Melanesian origin, with a
2remarkable diversity of social customs and languages,
which has persisted owing to considerable problems of
transport and communications imposed by the difficult
terrain. In 1971, 80% of the indigenous population lived
in villages of less than 500 inhabitants, often isolated
by long distances over water, vast tracts of swamps or
by spectacularly rugged mountain ranges. Villagers
continue to meet most of their everyday needs from
subsistence production, with staple foods generally produced
3in a shifting pattern of cultivation.
1 Papua New Guinea, Population Census, 1971, Bulletin
No.1, Table 4. Unless otherwise mentioned, population 
figures presented in this chapter are taken from 
the 1966 or the 1971 Census.
2 Over 700 distinct languages are spoken, see 
Wurm (1970).
3 The density of population is five persons per square 
kilometer. A brief outline of the geography of Papua 
New Guinea may be found in Ward and Lea (1970).
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There are records of sporadic contacts with 
foreign visitors stretching back over a period of 450 
years,'*' but the period of colonial history was relatively 
brief. Papua, the south-eastern section of the mainland 
and including the capital Port Moresby, was proclaimed a 
British Protectorate in 1884. It was administered by 
Australia from 1906 until independence in 1975. The 
north-eastern half of the mainland and offshore islands were 
annexed by Germany in 1884. These became the Territory of 
New Guinea administered separately by Australia under a 
League of Nations mandate during the inter-war period. 
Following a brief period of Japanese rule during World 
War II, the two territories were administered jointly and 
now comprise the single nation of Papua New Guinea.
There were three successive phases of colonial
2experience: the first of these is summed up by Langmore:
Pre-1940 government policy in both territories 
concentrated on extending Pax Australiana, 
leaving education and health services to the 
Christian missions and production to the 
expatriate coconut planters, gold-prospectors 
and traders.
The two territories were almost completely self-supporting 
during this first phase.
In the second phase, commencing at the end of 
World War II, the annual flow of aid increased dramatically. 
The greatly increased public expenditure, made possible by 
Australian aid, was used mainly for extending administrative 
control throughout the country, improving communications,
1 See Nelson (1972), p.60.
2 Langmore (1972), p.2.
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and providing health and educational services. These 
policies were pursued in a paternalistic fashion; with 
practically no participation by Papua New Guineans in the 
process of government. Even in 1960, independence was 
thought to be a very long way in the future; there were 
no elected indigenous members in the legislature. Primary 
education had been expanded rapidly but there were only 
a handful of secondary graduates. Appointment of Papua 
New Guineans to permanent positions in the public service 
did not commence until 1960.
The third phase of colonial history, the 
preparation of Papua New Guinea for political and economic 
independence, was thus telescoped into just one and a 
half decades. The remainder of this chapter presents a 
brief review of the pattern of changes established in 
this third phase, and introduces some characteristics of 
the economy and the population that are important to the 
construction of a simulation model.
Section 2.2: The structure of the economy
The economy is sharply divided between monetary 
and subsistence (or non-market) production: an outline of
the monetary sector will be followed by a discussion of 
the nature of subsistence production in Papua New Guinea. 
The structure of the monetary sector is introduced by 
looking at recent trends of some macro-economic aggregates, 
followed by a brief description of individual sectors of 
production.
Recent growth of total monetary sector production
Boosted by a rapid growth of government 
expenditure, made possible by a corresponding increase 
in aid from Australia, the gross domestic product of the
12
monetary sector grew at an average annual rate of 13% 
from 1950-51 to 1969-70."^ As the rate of inflation was 
quite low, this represented a growth in real terms of 
around 10% p.a. Table 2.1 indicates that the rapid growth 
of government expenditure has continued since 1970, with 
the gross domestic product receiving an additional 
impetus from the construction phase of the Bougainville 
copper mining project from 1969 to 1972, and the start of 
production at full capacity in 1973. The dramatic impact 
of this project, especially on exports and imports, is but 
one example of the extreme dependence of the Papua New 
Guinea economy on the foreign sector and its consequent 
vulnerability to external influences.
Table 2.2 shows the relative importance of
exports and imports before the commencement of the
Bougainville copper project. In 1966 and 1969, exports and
imports represented approximately 25% and 55% respectively
of gross monetary sector expenditure. This deficit in
the balance of trade was largely caused by the flow of aid,
through its effect on domestic incomes and spending. As
2Treadgold remarks:
...Papua New Guinea has provided a working 
example of the transfer mechanism whereby 
international monetary flows can stimulate 
a flow of goods and services in the same 
direction.
A further example of this mechanism was provided by the 
construction phase of the Bougainville copper project where 
a high proportion of the massive inflow of capital was
1 Langmore (1972), p.9.
2 Treadgold (1974a), p.41; see also Stammer (1970),
p . 11.
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Table 2.1: Expenditure on the gross domestic product
(monetary sector)
units: $'million (Australian) at current purchasers'
values (row 8 in $'million at constant purchasers' 
values of 1968/69)
Fiscal year ended 30 June: 1966 1969 1972 1973P 1974P
1 Government expenditure 114.3 150.7 207.1 228.2 252.3
2 Private consumption 123.5 176.1 258.3 248.1 264.6
3 Gross fixed capital
formation plus increase 
in stocks 73.4 98.0 248.8 144.5 104.9
4 Exports of goods and services 56.7 86.8 143.2 291.7 531.0
5 less Imports of goods and
services 130.6 184.2 359.2 289.6 300.7
6 Gross domestic product
(monetary sector)q 237.7 326.1 495.0 621.0 841.8
7 G.D.P. deflator (1968/69
prices = 1.0) 0.856 1.000 1.126 1.272 1.483
8 G.D.P. at 1968/69 prices 277.5 326.1 439.7 488.3 567.8
P preliminary, subject to revision
q row 6 differs from the sum of rows 1 to 5, owing to a small
statistical discrepancy
Source: Papua New Guinea, National Accounts Statistics (1974)
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Table 2.2: External transactions
units: $'million (Australian) at
current purchasers' values
Fiscal year ended 30 June: 1966 1969 1972 1973P 1974P
Exports: copper 0.0 0.0 22.3 125.6 n.a.
other 56.7 86.8 120.9 166.1 n. a.
total 56.7 86.8 143.2 291.7 531.0
Imports 130.6 184.2 359.2 289.6 300.7
Balance of trade -73.9 -97.4 -216.0 2.1 230.3
Current transfers plus
property income received 73.0 96.8 124.9 139.6 152.4
Current transfers plus
property income paid 9.0 12.5 50.3 65.3 103.5
Balance on current account - 9.9 -13.1 -141.4 76.5 279.2
Capital transfers from rest
of world 27.4 36.3 39.2 42.1 61.8
Net lending to the rest of
the world 17.5 23.3 -102.2 118.5 341.1
p preliminary, subject to revision.
Source: Papua New Guinea, National Accounts Statistics (1974)
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used to finance the import of mining equipment. On the 
other hand, with the commencement of copper exports, the 
balance of trade became strongly positive, accompanied 
by an outflow of funds (as profits accruing abroad and 
loan repayments) from the project.
Table 2.3 shows that despite the additional 
revenue accruing from the copper project, foreign aid still 
constitutes nearly half of the government's total receipts. 
Almost all aid is from Australia, though other sources 
could become available.'*' There is a general commitment 
of continued aid from Australia after independence but 
there is no explicit agreement regarding the magnitude of 
the flow to be expected in the coming years.
Inflation and monetary management
While there was relatively little inflation 
2during the 1960s, Table 2.1 indicates a rapid acceleration 
of inflation since 1970. The open nature of the economy 
and the balancing of the budget by Australian aid has 
prevented any domestically generated inflation, but the 
general level of prices has risen with the recent rapid 
inflation in the countries that supply Papua New Guinea's 
imports.^
1 Aid to Papua New Guinea in 1969-70 averaged $49 per 
head, a level of aid exceeded only by the French 
overseas territories and Israel; see Langmore 
(1972), p.l.
2 The retail price index increased at less than 2% p.a.
between 1961 and 1969: see Treadgold (1974a), p.40.
Mainly Australia, Japan and U.S.A. See Compendium of 
Statistics for Papua New Guinea (1972), p.63.
3
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Table 2.3: Papua New Guinea government revenue
units: $'million (Australian); figures in
brackets are percentages of total receipts
Year
Internal
revenue
Australian
grants3 Borrowing Total
1960-61 14.9 (32.9) 29.6 (65.3) 0.9 ( 1.9) 45.4 (100)
1965-66 34.0 (33.3) 62.0 (60.7) 6.2 ( 6.0) 102.2 (100)
1970-71 83.4 (43.8) 76.3 (40.1) 30.7 (16.1) 190.4 (100)
1971-72 95.3 (45.3) 81.6 (38.8) 33.7 (16.0) 210.5 (100)
1972-73 93.1 (43.6) 85.9 (39.8) 36.9 (17.1) 215.8 (100)
1973-74 136.1 (54.5) 133.1 (42.5) 43.6 (13.9) 313.0 (100)
a Payments to Australian
excluded.
officers employed in Papua New Guinea are
Source: Papua New Guinea, Strategies for Nationhood (1974), p.136.
Table 2.4: Functional classification c)f Papua New Guinea
government expenditure
FUNCTION
1960-61 
$m %
1970-71 
$m %
1973-74 
$m %
Commodity producing sector 4.4 9.7 33.4a 18.4 30.7 12.1
Economic overheads 7.2 15.7 40.4 22.3 56.8 22.3
Education 5.2 11.5 27.1 14.9 44.4 17.4
Health 7.1 15.6 14.6 8.0 21.3 8.3
Other social services 4.9 10.5 13.9 7.7 11.1 4.3
General administration
and law and order 14.8 32.3 38.6 21.3 57.1 22.4
Various public works 2.1 4.7 4.1 2.3 6.7 2.6
Miscellaneous - - 9.4 5.2 26.8 10.5
TOTAL EXPENDITURE 45.8 100.0 181.4 100.0 254.9 100.0
a Includes $12.5 million for purchase of equity in Bougainville 
Copper Pty Ltd
Source: Papua New Guinea, Strategies for Nationhood (1974), p.137.
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Up to 1975, Australian currency circulated in 
Papua New Guinea. The new currency, the kina, is to be 
managed independently from 1976. Immediate plans are to 
maintain parity with the Australian dollar without the 
imposition of exchange controls. In later years, the
independent monetary system will provide scope for short­
term policies which may help to dampen the effects of 
fluctuations in export and import prices on the domestic 
economy.
Sectors of Production
An alternative view of the structure of the 
economy has been provided by Parker (1973) who carried 
out an inter-industry study of Papua New Guinea, drawing 
up an input-output table for 1970. The industrial 
composition of monetary sector production, an estimate of 
the relative importance of subsistence (or non-market) 
production, and the projected growth of the economy to 
1978 according to Parker (1973) are presented in Table 2.5.
As the basis of classification adopted in the 
present study, the various sectors are described below, 
not only in terms of the growth of output of various 
commodities, but also regarding the location of economic 
activity (rural as against urban), the organisation 
of production (capital-intensive techniques combined 
with some wage employment compared to labour intensive 
techniques relying on self-employed labour) and the 
distribution of income (into wages, taxes and profits).
Government activity
Table 2.1 indicates that up to 1972 government 
expenditure accounted for 45-50% of total expenditure on 
the gross (monetary sector) domestic product, with some
18
Table 2.5: Gross domestic product at
factor cost, 1970 and 1978
Actual Projected Av.annual
1970 1978 growth
Primary production 
plantations
$*m
24.94
%
( 4.7)
$' m 
31.98
%
( 3.5) )
%
other 36.02 ( 6.8) 71.72 ( 8.0) j 6.9
Mining and quarrying 0.78 ( 0.2) 152.08 (16.9) 93.3
Manufacturing and 
electricity 39.82 ( 7.6) 88.64 ( 9.9) 10.5
Building and 
construction 30.93 ( 5.9) 40.65 ( 4.5) 3.5
Transport and 
communication 26.12 ( 4.9) 43.14 ( 4.8) 6.5
Commerce 37.69 ( 7.1) 56.01 (6.2) 5.1
Finance and 
professions 11.57 ( 2.2) 17.31 ( 1.9) 5.2
Education and 
health 31.34 ( 5.9) 46.69 ( 5.2) 5.1
Government services 52.47 ( 9.9) 70.33 ( 7.8) 3.8
Personal services 12.84 ( 2.4) 22.18 ( 2.5) 7.1
Non-market production 223.90 (42.4) 259.10 (28.8) 1.8
TOTAL 528.42 (100 ) 899.83 (100 ) 6.9
Source: Parker (1973), p.59#
decline in this percentage after the massive increase in 
exports following the commencement of the production phase 
of the Bougainville copper project. Langmore remarks:
1 Langmore (1972), p.15
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Not only does government direct expenditure 
dominate the economy but much of the 
production of secondary and tertiary industries 
depends on the market provided by public 
servants and their families. Also a 
substantial proportion of government revenue 
raised internally comes from the income tax, 
import and excise duties and charges paid by 
public servants.
During the second phase of Australian administration, 
from 1945 to 1960, the largest components of public 
expenditure were general administration and health services. 
Table 2.4 shows that during the third phase, increasing 
emphasis has been placed on services to commodity producing 
sectors and the provision of economic overheads. Expenditure 
on education has become the major item within the social 
services category, inspired by a desire to enhance the 
ability of Papua New Guineans to participate in and promote 
the growth of the monetary sector.
Agriculture
As shown in Table 2.5, agriculture outside the 
subsistence sector may be classified into production by 
expatriate-owned plantations and indigenous smallholders. 
During the 1950s, plantations accounted for almost all of 
cash crop production, concentrating on the following export 
crops: coconut products, coffee, cocoa, tea and rubber.'*'
Although government policy continued to promote the 
expansion of plantations until quite recently, there has 
been an increasing emphasis towards the promotion of cash
1 More recently there has been some diversification 
into the production of palm oil by plantations and 
smallholders. See Longayroux et al (1973) and 
Shand and Straatmans (1974).
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crop production by smallholders. By 1968-69, the 
plantations' share in the value of commercial agricultural 
production had fallen to 60%. ^ Present government policy 
is to encourage small-scale economic activities so that 
this share can be expected to decline further in the 
coming years.
Smallholder production is being promoted through 
agricultural extension services, the provision of education 
and the improvement of rural infrastructure to reduce the 
transport and marketing difficulties created by the 
difficult terrain. In addition the Papua New Guinea 
Development Bank was established in 1967 to help finance 
the expansion of smallholder output. It has proved difficult 
to expand the volume of lending, because of widespread 
lack of understanding about commercial procedures and 
problems in providing security for loans. However the 
amount of loans approved reached $8.5 million by 1973-74, 
with 70% of loans to enterprises wholly or partially owned 
by Papua New Guineans.^
Smallholder production may be further classified 
into the production of cash crops for exports or for domestic 
markets. The early growth of smallholder agriculture was 
export-oriented: given the small size of Papua New Guinea's
exports to total world trade in any agricultural commodity 
there is further scope for expansion of smallholder production 
of export crops. More recently government policy has also
1 Langmore (1972), p.27.
2 Papua New Guinea, Strategies for Nationhood (1974), 
p. 67.
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sought to promote the production of foodstuffs to meet a 
larger share of the domestic demand associated with the 
increasing proportion of the population in urban areas.
At present, over 80% of this demand is met from imports.^
Major natural resource based projects
Gold mining had played an important role in the 
opening up of Papua New Guinea before World War II, but 
production has declined steadily and mining was an 
insignificant sector of the economy by 1970 (see Table 2.5). 
This picture has been altered dramatically by the 
establishment of the copper mining project on Bougainville 
Island. This project is one of the largest of its kind 
in the world, and the annual value of exports from the 
project operating at full capacity was estimated to be 
around $150m at 1972 copper prices. The impact of such a 
large project on the growth of the monetary sector and 
the balance of trade has already been discussed (see 
Tables 2.1 and 2.2); the effects on employment and
3government revenue are summarised below.
The construction phase, from 1969 to 1972, 
involved a capital outlay of over $400 million and the 
Papua New Guinea Government has acquired a 20% shareholding 
in the project, the remainder being financed by overseas 
capital. The construction gave a temporary boost to the
1 Food, drink and tobacco accounted for 23% of total 
imports in 1972-73. See Papua New Guinea, Strategies 
for Nationhood (1974), Table 37.
2 See Scott (1973).
3 The nature of the Bougainville copper project and 
its impact on the economy of Papua New Guinea is 
described in more detail by Treadgold (1971).
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economy. While most of the mining equipment was imported, 
the demand generated by the injection of a largely expatriate 
workforce of 10,000, and the provision of ancillary services 
by the government created additional demand for domestic 
production. The ending of the construction phase caused 
a marked decline in the rate of growth of secondary and 
tertiary industries.^
The production phase commenced in 1972. A highly
capital-intensive technology has been adopted so that
less than 4,000 people are employed. The main impact of
the project over the coming years will be through its
effect on government receipts. Annual revenue from
royalties, taxes and dividends is expected to range between
$40 and $70 million, depending on the movement of export 
2prices. Production from the Bougainville mine is expected 
to decline beyond 1990, but comparable projects based on 
more recently discovered copper deposits may be started 
in the near future. There are also prospects for large-scale 
projects to exploit other natural resources including 
timber, fisheries, and a vast potential for generating 
hydroelectric power.
1 See Treadgold (1974a).
2 The first year of full production in 1973/74 coincided 
with a period of very high copper prices. The 
company made enormous profits while relative little 
revenue accrued to the Papua New Government. This 
led to a renegotiation of the mining agreement, 
which provides for adjustment of the rate of tax 
depending on profitability as it is affected by world 
commodity price movements (see Garnaut and Clunies 
Ross (1975)). A stabilisation fund was established in 
1974 to offset future fluctuations in revenues caused 
by short-term movements of export prices.
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Other industries
Of the monetary sectors, it remains to comment
on other sectors listed in Table 2.5, excluding primary
production, mining and government services. All of these
sectors, such as construction and commerce, can be
subdivided into 'modern' and 'informal' components.^
Within the 'modern' part of each sector, production is
organised on commercial principles with capital and wage
labour being used in proportions determined by relative
factor prices. The 'informal' sector is organised into
small-scale units where techniques of production are
adapted to absorb available labour. Workers are not
hired for wages and incomes are shared among all participants.
Until recently, there has been little encouragement of
indigenous enterprise outside agriculture. As Conroy and
Vines (1973) point out, there is no more than an embryonic
urban informal sector in Papua New Guinea, in contrast to
the burgeoning small-scale industrial and trading sectors
found in South-East Asian and African towns and cities.
However, with the growth of the numbers of the urban
2workforce not in wage employment and the recent revision 
of government policy to promote all types of small-scale 
productive activities, the next decade should see an 
increase in small-scale industrial and trading enterprises 
in urban and in rural areas.
1 The term 'informal sector' is taken from International 
Labour Office (1972), a report on the development 
prospects for Kenya, stressing the potential importance 
of this sector in economic development.
2 See Section 2.3 below.
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The modern component is almost completely dominated
by expatriate-owned firms, which have access to foreign
capital and can hire expatriate manpower to supply skills
not yet available in Papua New Guinea. Therefore, the
scale of production is determined by the total demand for
industrial products, and the proportion of this demand
that can be supplied profitably by domestic industry.1 2
Because of the small size of the domestic market and the
present low standard of industrial infrastructure, a
considerable part of demand for industrial goods and
2services is met by imports, accounting for the large 
deficit in the balance of payments before the commencement 
of exports from the Bougainville project.
The subsistence sector
In contrast to the monetary sector, the subsistence 
economy remains remarkably well insulated from external 
influences. Although only 30% (or less) of Papua New 
Guinea is considered to be suitable for agriculture, most 
of this is used, or is available for the production of 
subsistence requirements. Very little land has been 
alienated from indigenous owners, and less than 10% of 
arable land is used for the production of cash crops.
The overall density of population is low and, with a few 
exceptions, most groups are able to meet their subsistence 
needs leaving reserves of land and labour for the production
1 cf. agriculture and the major natural resource based 
projects where all output can be sold at exogenously 
determined world market prices, and production is 
limited by supply constraints.
2 The import content of total demand for the output
of particular industries is shown in the inout-output 
table for 1970, Parker (1973), p.63.
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of cash crops. Fisk has described the condition of the 
population in the subsistence sector as one of 'subsistence 
affluence.'^
This is a condition in which population pressure 
on land resources is relatively light, 
productivity per unit of applied labour (as 
distinct from available labour) is very high 
and most subsistence agriculturalists are able 
to produce as much as they can consume (with 
satisfaction) of their main essential requirements, 
and to sustain an adequate level of living by 
their traditional standards, at the cost of as 
little as fifteen or twenty hours labour a week.
The value of subsistence production, which
includes items such as housing and household implements as
well as staple foods, is notoriously difficult to estimate
3in monetary terms. However, some estimates have been 
prepared which illustrate the importance of the subsistence 
economy. Treadgold (1974b) has estimated that subsistence 
production per member of the rural workforce to be $228 
a year, which is 86% of the estimated total annual income 
of $266.
The growth of cash cropping and the emergence of 
trading and transport enterprises by villagers in recent 
years suggests that the dominance of the subsistence 
sector may decline in the years to come. The abundance 
of land and labour means that the increased participation 
in money-raising activities need not bring about a decline 
in subsistence production. Nevertheless, it is possible
1 See Shand (1971), p.57.
2 Fisk (1971), p.368.
3 See Fisk (1970).
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that as cash incomes increase, some subsistence products 
will be replaced by goods purchased from outside: for
example, the substitution of tin roofs for thatch on 
village houses.
Section 2.3: The composition of the population
A broad view of the composition of the population 
and the changes that occurred over the inter-censal period 
(1966-1971) is provided by Table 2.6. This section will 
outline how these changes have been influenced by economic 
changes and government policies. As suggested by Table 2.6, 
most of the discussion deals with the indigenous population: 
the role of expatriates will be briefly considered below 
in the course of a discussion of wage employment.
Population growth
Perhaps the most significant change that has
affected the indigenous population of Papua New Guinea
has been the decline in mortality brought about by the
considerable improvement in public health services after
1945. The decline in death rates has not been accompanied
by a fall in birth rates, so the rate of growth of population
has increased steadily in the post-war years^ to just
2under 3% p.a. The high fertility rate has led to a high 
3proportion of the population under 15 years of age (see 
Table 2.6).
1 Van de Kaa (1971), in his pioneering demographic 
study, concluded that the population of Papua New 
Guinea had been stable up to World War II.
2 The total fertility rate for Papua New Guinea over 
the inter-censal period 1966-71 was estimated to be 
6.9 live births per woman.
3 As explained in Coale and Hoover (1958), the distribution 
of a population by age is almost completely determined 
by the fertility rate.
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Table 2.6: Composition of the population,
1966 and 1971
units: '000 persons; figures in brackets are
percentages of total indigenous population
1966 1971
INDIGENOUS
Total population 2150 (100.0) 2435 (100.0)
by sex: males 1120 ( 52.1) 1263 ( 51.9)
females 1030 ( 47.9) 1173 ( 48.1)
by age: 0-14 years 896 ( 41.6) 1037 ( 42.6)
15-59 years 1141 ( 53.1) 1242 ( 51.0)
60+ 113 ( 5.2) 156 ( 6.4)
by location: rural 1902 ( 88.5) 1979 ( 81.3)
urban^ 248 ( 11.5) 457 ( 18.7)
by education:
no schooling 1542 ( 71.7) 1776 ( 72.9)
primary school not completed 576 ( 26.8) 558 ( 22.9)
primary school completed 30 ( 1.4) 92 ( 3.8)
2secondary school completed 2 ( 0.1) 8 ( 0.3)
tertiary education completed 0 ( 0.0) 1 ( 0.1)
by workforce status, or occupation:
non-participants 1054 ( 49.1) 1240 ( 50.9)
self-employed in rural areas 955 ( 44.4) 983 ( 40.4)
in wage employment 130 ( 6.0) 189 ( 7.8)
urban workforce not in wage empl. 11 ( 0.5) 23 ( 0.9)
EXPATRIATES
Total residents 35 - 55 -
in wage employment 20 - 31 -
1 including rural non-village (see p.28, note 1).
2 up to Form 4, or equivalent.
Source: Population Census, 1966 and 1971; but for workforce classification
see Section 3.4.
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The characteristics as well as the size of the 
indigenous population have altered in recent years. The 
rapid expansion of the monetary sector of the economy has 
sparked off a massive transformation in the distribution 
of the population by location, occupation and educational 
qualifications.
At present, Papua New Guineans participate in 
the monetary economy in two ways. They can produce cash 
crops for export or domestic markets, or engage in small- 
scale trading or service industries while remaining in 
their villages. Alternatively, they can migrate to urban 
areas or plantations in search of wage employment.
The proportion of the population in urban areas 
and other non-village locations'^ has increased rapidly 
in recent years, but Table 2.6 shows that the overwhelming 
majority of the population have so far remained in rural 
areas. A discussion of the process of urbanisation and 
the structure of the urban population in Papua New Guinea 
follows some comments on those who have stayed in rural 
areas.
Population and workforce in rural areas
The rural population reside in scattered villages
2and hamlets, mostly with fewer than 200 inhabitants.
1 All centres of population of over 500 residents are
classified as urban areas in census figures for Papua 
New Guinea. The other non-village locations include 
plantations, religious mission stations and a large 
number of small administrative centres whose 
population is less than 500.
2 See Rowley (1965), Chapter 1.
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As already remarked, most day-to-day needs are supplied 
from the traditional subsistence sector, but an ever- 
increasing proportion of the rural workforce has come to 
engage in money-raising activities in rural areas in order 
to improve their material standard of living. According 
to Parker (1973) indigenous smallholders accounted for 
close to half of total commercial agricultural production 
in 1970. No corresponding estimate is available for the 
growth of small-scale and trading activities, although 
there have been numerous micro-economic studies of such 
enterprises.^ Perhaps up to 90% of the value of monetary 
sector products purchased by villagers are supplied from 
urban production or imports.
Data from the 1966 census classified 20% of the
workforce as 'wholly or mainly in the monetary sector',
while nearly 55% were estimated to have engaged in some
2money raising activities. Clunies Ross (1971) suggested 
that this figure considerably underestimated the proportion 
of the workforce who had participated in the monetary sector. 
The proportion has certainly increased since 1966 and the 
distinction between members of the rural workforce who do, 
and those who do not, earn some cash income is no longer 
relevant. Much more important are the differences in 
monetary incomes per head in different regions of Papua 
New Guinea. Due to problems of transport and communications, 
the more easily accessible areas have had a much longer
1 For example, see Epstein (1968); Finney (1973).
For the definitions used to classify the workforce 
into these categories, see Population Census, 1966, 
Preliminary Bulletin No.20, pp.46-47.
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period of contact with the monetary economy. Money incomes 
of smallholders are quite high in some areas such as New 
Britain and Bougainville Islands, but negligible in areas 
near the Indonesian border where there is no road or 
navigable waterway connecting villages to potential 
markets. The resulting inequalities, discussed by Shand 
(1971) and Treadgold (1974b), are exacerbated by the fact 
that areas where access is relatively easy have been 
far better supplied with government services such as health 
centres and primary schools. The reduction of such regional 
differences ranks high among the new government's objectives.
Migration and the growth of towns
Movement out of villages before World War II
was mostly based on a contract system.'*’ Village men were
recruited to work, mostly on plantations, for a period
of two years. In most cases the workers returned to
their villages on completion of their contract and the
non-village population grew at a very slow pace. This
2method of recruitment continued after the war, but:
...a new type of migrant appeared in growing 
numbers: he did not sign a contract; he paid
his own way to the place where he hoped to 
find employment; and he did not return home 
at the end of any set period.^
The number of job opportunities created in urban 
areas by the growth of government and private sector 
activity has outstripped the opportunities for employment
1 Ward (1971), pp.82-83.
2 See Brookfield (1960).
3 Ward (1971), p.83.
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on plantations in recent years and 'independent' migrants 
to urban areas now greatly outnumber those recruited on 
a contract basis. A great number of small administrative 
centres have grown to become small towns as government 
services were spread ever wider in the post-war years.
At the same time, two towns have emerged as major centres 
of population: the capital Port Moresby whose population
grew from 42,000 to 77,000 from 1966 to 1971, and Lae, 
better placed for access to the major concentration of 
population in the highlands, which grew from 16,500 to 
39,000 over the intercensal period.
The wage rate for unskilled employment in urban
areas has increased rapidly in recent years,^ and is now
several times the average income per head in the rural
workforce: the annual wage income is currently $750
(1968/69 prices) compared to the estimate of $266 p.a. for
2the income per participant in the rural workforce.
Table 2.6 indicates how the proportion of the population 
in urban areas increased between 1966 and 1971. This 
increase was generated by two streams of rural-urban 
migrants: young males of working age arriving in towns
in search of wage employment, and dependants of earlier 
migrants who had found employment.
Population and workforce in urban areas
The composition of the urban population is 
heavily influenced by the characteristics of new arrivals
1 The structure of wage employment and the determination 
of wage incomes are discussed in more detail below.
2 Including a valuation of subsistence income, see 
Treadgold (1974b), p.23.
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from the villages. The proportion of male migrants has
fallen in recent years relative to the migration of
dependants, and urban areas are coming to be less dominated
by young men.'*' Many of the women and children who arrive
in town do not participate in the workforce, but the
continued influx of other migrants seeking wage employment
has led to a gradual increase in the proportion of the
urban workforce who are not in wage employment. A little
under 25% of urban males aged 15-44 years did not have
2wage jobs in 1974. At present, the urban 'informal'
sector provides very little income as an alternative to
3wage employment. Most of the income of those without
wage jobs comes from those employed; Oram (1967), Salisbury
(1970) and Ward (1971) have remarked on the maintenance
of traditional village links in the new urban environment.
The extent of this means of support is indicated by the
fact that more than half of those without wage jobs were
4found not to be actively seeking employment.
1 The proportion of males between 15 and 30 years 
has fallen from 3Q% of the urban population in 
1966 to less than 33% by 1971. Results from the 
1974 Urban Household Survey (see Wright et al 
(1975)) indicate that this trend is continuing.
The survey also indicates that most women had 
come to town either with their husbands or to join 
husbands who had found employment in towns.
2 Wright et al (1975), pp.16, 45.
3 See Conroy and Vines (1973).
4 Wright et al (1975), p.18.
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Following a classification proposed by 
Garnaut (1972), those without wage employment in Papua 
New Guinea's towns may be divided into four groups. One 
of these includes dependants of urban residents and short­
term visitors who may be considered 'voluntarily' unemployed. 
The remainder consists of: the 'hopeful' who prefer to
stay in town anticipating success in finding wage employment, 
rather than return to the village; the 'trapped' who would 
prefer to return but cannot meet the cost of travel; 
and the 'dispossessed' who have lost their access to the 
traditional village economy.
At present, the 'hopeful' dominate those who 
would like to find wage employment, but some changes in 
this pattern may be expected in the near future. The 
number of the 'hopeful' will depend on the differential 
between urban wages and rural incomes. The number of 
'trapped' migrants was found to be quite small in the 
1974 Urban Household Survey,' and will probably remain 
small as transport facilities between regions of Papua 
New Guinea are improved. Natural increase is gradually 
becoming the most important factor in the growth of urban 
population and the number of 'dispossessed' can be expected 
to increase. A growing proportion of these may be expected 
to engage in money-raising activities other than wage 
employment in towns, and the growth of small-scale industrial 
and trading activities is now actively encouraged by 
government policy. If this sector expands it is likely 
that those in the 'hopeful' category will also enter 
self-employment while awaiting an opportunity to find a 
job in the modern sector.
1 Wright et al, p.47.
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Wage employment and wage determination
V/OQ <2-The number of indigenous persons in &e£f-employment
was estimated to be 170,630 for 1970, and projected to
increase to 217,060 in 1978 (Parker (1973)): these figures
represent less than 15% of the estimated total workforce
for those years. Table 2.7 shows the sectoral composition
of employment (including self-employment in primary
production) of expatriates as well as Papua New Guineans.
The skill composition of wage employment is presented in
Table 2.8, indicating the dominance of expatriates at the
higher skill levels in 1966 and 1971. A high priority was
given to the replacement of expatriates during the approach
to independence^" and the expatriate population fell from
a peak of 55,487 in August 1971 (during the construction
phase of the Bougainville copper project) to less than
240,000 by April 1974.
The distinction between employment by contract 
on plantations and employment in urban wage jobs persists 
in the structure of wages, as shown in Table 2.9. The 
rural wage was paid mostly in kind in the early post-war 
years. It was converted to an all-cash wage following the
1 Most of the pressure for the replacement of expatriates 
was generated by political or nationalist motives.
The desire to achieve economies by replacing expensive 
Australian employees played a much smaller part, 
but since 1974 an increasing effort is being made 
to recruit skilled manpower from less expensive labour 
markets such as the Philippines.
2 See Papua New Guinea, Abstract of Statistics (1973) 
and Statistical Bulletin (1974), quoted in Conroy 
(1974), p.3.
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Table 2.8; Composition of wage employment,
1966 and 1971
Manpower class Indigenous Expatriate Allemployees
Percentage
indigenous
of
empl
1966
A Professional 19 1729 1748 ( 1.1)
B Sub-professional 751 4962 5713 (13.1)
C Skilled 9777 9254 19031 (51.4)
D Semi-skilled 37000 3650 40650 (91.0)
E Unskilled 85385 839 86224 (99.0)
TOTAL 132932 20434 153366 (86.7)
1971
A Professional 100 2403 2503 ( 4.0)
B Sub-professional 1721 8226 9947 (17.3)
C Skilled 20684 11736 32420 (63.8)
D Semi-skilled 45011 8335 53346 (84.3)
E Unskilled 123759 269 124028 (99.8)
TOTAL 191275 30969 222244 (86.1)
Source: Papua New Guinea Manpower Planning Unit: Classification of
Occupational Groups by Industry and by Manpower Class (1969 
and. 1974) . These publications classified all persons 
enumerated as 'wholly or mainly money-raising' in the 1966 
and 1971 Population Census. The estimates for wage employment 
were obtained by subtracting all those self-employed in 
primary production.
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Table 2.9: Rural-urban minimum
wage differentials (.
Rural
$
MONEY WAGES 
Urban^
$
Difference
$
Differential
Difference/
rural %
1961 4.61 6.00 1.39 30
1964 4.61 6.50 1.89 41
1967 4.86 6.50 1.64 34
1970 4.86 7.00 2.14 44
1971 5.36 8.00 2.64 44
1972 5.90 11.50 5.60 95
1973 5.90 13.80 7.90 134
REAL WAGES 2
1961 4.61 6.00 1.39 30
1964 4.61 6.50 1.39 30
1967 4.78 6.04 1.26 28
1970 4.74 6.11 1.37 29
1971 5.22 6.75 1.53 29
1972 5.47 9.09 3.62 66
1973 5.36 10.37 5.01 94
1 Urban rates are for Port Moresby; rural wages
apply to plantations and other non-village centres 
with populations less than 500.
2 The ' A' Series Retail Price Index (prepared by the 
Papua New Guinea Bureau of Statistics) with 1961 
base year was used as deflator.
Source: Papua New Guinea, Income Wages and Prices Policy
(1973), p.15.
report of a Committee of Inquiry (see Cochrane (1970)) but 
continues to lag behind urban minimum wages. A further 
feature of existing rates is the considerable differential
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between wages paid to indigenous and expatriate employees.
It was considered that Papua New Guinea could not afford 
to pay indigenous wage employees at a scale comparable to 
Australian income levels, so a dual wage system was 
introduced in the 1960s.
Political pressure to reduce these inequalities 
led to a series of wage negotiations in the 1970s; the 
government, as the largest single employer, played a 
dominant role in this process of arbitration. An attempt 
was made to link urban minimum wages to some concept of 
'needs':
The basis used by the Minimum Wages Board in 
determining these increases was the aim of 
providing an adequate wage for an employee 
with a spouse.2
As Turner (1965, p.23) remarks, human needs are:
...arbitrarily defined, infinitely debatable 
and highly inflatable...
and the negotiations led to a phase of extremely rapid
wage rises as seen in Table 2.3. A change of policy in 
21974 led to a decision to index urban minimum wages to
the cost of living from 1975. Wage differentials by skill
level are high in comparison to many industrialised
countries: Public Service department heads receive
3salaries eleven times the minimum urban wage. The recent 
decision to keep differentials constant in money terms, 
while the minimum wage increases with the cost of living 
index, will act to diminish the real value of differentials
1 Papua New Guinea, Incomes, Wages and Prices Policy 
(1973), pp.34-35.
2 Ibid., p .35.
3 Ibid., p .17.
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for indigenous employees at different skill-levels.
Education
The slow pace of indigenisation of skilled and
professional positions up to 1971, when there were just
over fifty Papua New Guinean university graduates and less
than 10,000 who had completed secondary school,^ and
the rapid replacement of expatriates in recent years,
reflect successive, earlier decisions regarding the
2provision of education in Papua New Guinea.
Up to World War II, the responsibility for 
education was largely left to missionaries. The policy 
pursued by the Australian administration during the early 
post-war years sought to relate education to the needs 
of village life rather than to the preparation of Papua 
New Guinea for economic development and independent 
nationhood. The provision of primary education was 
extended, but there was only a very limited development 
of post-primary education in the 1950s and early 1960s. 
This followed from the policy of 'uniform development' 
pursued throughout this second phase of colonial history, 
combined with a desire to avoid the emergence of an
1 Clunies Ross (1971), p.478, comments that Papua 
New Guinea's endowment of indigenous personnel with 
higher qualifications in the years leading up to 
independence is comparable to that for a number
of East African countries.
2 The following paragraphs present a very brief 
summary of the history of education in Papua New 
Guinea. More complete reviews of the expansion
of formal education may be found in Colebatch (1967), 
Smith (1971, 1975) and Conroy (1974).
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indigenous elite. During these years there was an ever-
increasing pressure from Papua New Guinean parents that
education be formalised and provide a preparation for a
new way of life.'*' Teaching in vernaculars was abandoned
in favour of English, but emphasis on primary education
continued: in 1961 a plan was announced that called for
2universal primary education by 1975.
In the 1960s, the belated recognition of the
imminence of independence resulted in the abandonment of
this approach. A number of reports presented to the 
3government called for the rapid development of post-primary 
education, including the establishment of a university 
to produce an elite with the skills necessary to manage 
the affairs of the emerging nation.
The first university was established in 1966.
A second has since come into existence and combined
4enrolments have grown to around 3,000. Secondary 
education has expanded rapidly: total enrolments increasing
from less than 2,000 in 1958 to 17,000 in 1969 and to
1 See Conroy (1974), pp.56-57.
2 Conroy (1974), p.58.
3 United Nations Trusteeship Council (1962),
I.B.R.D. (1965) and Commonwealth of Australia 
(1964) .
Papua New Guinea, Report of the Committee of Enquiry 
into University Development, pp.176-77.
4
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nearly 30,000 by 1975. Primary enrolments have also
grown, though not as rapidly, from 41,000 in 1958, to
2211,000 in 1969 and 240,000 in 1975. The proportion of 
seven-year old children admitted to primary schools has 
remained around 60-65% in recent years, while policies 
for raising the standard of teacher training and eliminating 
wastage through dropouts were successfully implemented.
In recent years there has been yet another
turn-around in policy. Tertiary institutions are turning
out sufficient numbers of graduates to allow for a continuing
rapid replacement of expatriates from high-level positions.
The prospect of the number of secondary graduates exceeding
the requirement for skilled manpower was foreseen as early 
3as 1970. Current policy is to place lower priority on
the further expansion of secondary enrolments and to
proceed as rapidly as possible towards the provision of
universal primary education. The sparseness of the
population and the isolation of villages means this
ambition is unlikely to be realised before 1990. Many
more primary teachers will need to be trained as only a
very limited increase in coverage can be achieved by
4raising pupil-teacher ratios in existing schools.
1 See Fry (1970) and Papua New Guinea, Department 
of Education (1975).
2 See note (1) above.
3 See McKinnon (1970).
4 No post-primary institutions are located in villages, 
owing to the low density of the rural population.
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The prospects of school-leavers have changed
rapidly: while primary education was a passport to
clerical jobs in the 1950s, Form 4 qualifications are
now required. The entry standards demanded by employers
have risen with the marked expansion of higher level
training in the 1960s,^ and employers ration scarce jobs
by selecting from applicants with higher formal qualifications.^
Although primary education no longer guarantees a modern
sector job and there is an impending excess of secondary
graduates over skilled job opportunities, there is continuing
popular pressure for expansion at all levels, spurred by
the existing wage differentials for employment at higher
skill levels. The current situation in Papua New Guinea
bears strong resemblance to the 'explosive model' of
education described by Rado, in which:
The more unprofitable a given level of education 
becomes as a terminal point, the more the demand 
for it increases as an intermediate stage...1 23 4
Finally, it may be noted that the better opportunity 
of being selected for modern sector jobs for persons with 
higher qualifications is also reflected in the much higher
4rates of rural-urban migration of primary school leavers.
1 Conroy (1974), p.53.
2 This phenomenon has been widely documented? see, 
for example, Callaway (1963).
3 Rado (1973), p.100.
4 The proportions of primary school and secondary
school graduates in towns are very much higher than 
the proportion of such people in the total population. 
See Population Census 1971, and Wright et al, p.22.
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As Conroy (1974) points out, the mobility of the better 
educated can be linked to their higher expected incomes in 
the urban modern sector: these expectations being based
on the observation of better opportunities for finding 
wage employment. Subsequent changes in opportunities may 
act to alter the current pattern of migration.
The structure of the economy and the composition 
of the population described in this chapter are used to 
specify a simulation model to project future changes, 
following the transformation that has been set in train 
during the accelerated approach to independence.
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CHAPTER 3
THE DESIGN OF THE SIMULATION MODEL
Section 3.1: Introduction
The model presented in this study has been 
designed to simulate changes in the population and the 
economy, particularly in response to alternative strategies 
pursued by the government in some selected areas of 
decision-making. One of the main objectives of the model 
is to study the changes in the population in some detail, 
by classifying persons according to age, sex, educational 
qualifications, location and by workforce status or 
occupation.
The ongoing transformation in the composition 
of the population influences, and is influenced by, the 
growth and distribution of output in the various sectors of 
the economy distinguished in the preceding chapter. The 
simulation model has therefore been designed to generate 
long-term projections allowing for the interaction of 
economic and demographic changes taking into account the 
effect of a number of exogenous variables, some of which 
may be determined by government policy.
The model takes the form of a large computer 
program, written in FORTRAN, that operates in a recursive 
fashion.'*' Changes in the variables representing the 
number of persons in each subgroup of the population, and 
the production in each sector of the economy are calculated
1 An outline of the programing techniques used, and
the type of computing equipment required to operate 
the model is provided in Appendix 2. The model can 
be used with facilities already available in Papua 
New Guinea.
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at annual intervals: the values of the variables at
(t+1) are calculated from the corresponding values at
year (t). A long-term projection, or simulation, of
changes in the population and the economy is then generated
by repeating a series of these calculations, starting
from initial values of the economic and demographic variables
for the base year.
The more important interactions considered in 
performing each round of calculations by the model, and 
the variables that are directly affected by particular 
aspects of government policy are summarised in Diagram 3.1: 
the importance of all these links and the way each 
individual link operates has been widely discussed in the 
literature on economic development. An attempt has been 
made to include all interrelationships which are likely to 
be important in the future development of Papua New Guinea, 
in as much detail as possible. It is expected that the form 
of the model will be considerably modified as more data 
and more resources for the improvement of the model become 
available. It would be undesirable if the entire model 
had to be redesigned in order to make such adaptations; 
therefore, the present model has been constructed in a 
modular fashion, consisting of a number of submodels 
related to one another by a limited number of variables. 
Changes can be introduced within any submodel without the 
need to alter the structure of the overall model.
The submodels, linked to constitute the 
simulation model are the following:
1. Population growth: Determination of changes
in the size of the population and its distribution 
by age and sex.
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Diagram 3.1: Structure of the simulation model
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2. Education: Simulation of the flow of students
through the education system to derive changes
in the educational composition of the population.
3. Migration: Determination of the number and
characteristics of rural-urban and return migrants.
4. Allocation by workforce status: Participants
in the population are classified into wage employees 
at various skill levels, self-employed and 
unemployed.
5. Production and employment: Derivation of the
growth of output, demand for labour and the 
allocation of income from each sector of the 
economy.
6. Personal incomes and expenditures: These are
derived for each occupational group within the 
workforce.
7. Government revenue and expenditure: Calculation
of incomes and outlays according to various 
strategy choices; the derivation of changes in 
government indebtedness and the balance of 
payments.
The next sections contain brief, preliminary 
descriptions of these submodels. Section 3.2 deals with 
the first four submodels, which derive changes in the 
population to present a set of 'demographic accounts' 
at annual intervals.^ The second group of submodels,
1 Stone (1971) outlines a proposal to link such a set 
of accounts, depicting changes in the size and 
composition of the population, to the set of national 
accounts already used to trace changes in economic 
variables in many countries.
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described in Section 3.3, project the changes in the 
economic variables that influence the structure of the 
population as well as the time paths of variables usually 
included in national accounts. Section 3.4 describes 
the sources of data on the initial values of variables and 
on the parameters of the relationships which are assumed 
to bring about changes in the initial situation; in 
particular it describes the ways in which the relationships 
and parameters involved in each submodel were derived so 
that the projections generated by the overall model were 
consistent with changes, as far as they have been observed, 
in the population and economy of Papua New Guinea since 1966.
The concluding sections discuss the generation of 
long-term projections from the model. Section 3.5 comments 
on the choice of a forty-year projection period (from 
1966 to 2006) as most suitable for comparing the effects 
of alternative policies on the projected time paths of 
economic and demographic variables. Section 3.6 introduces 
the concept of long-term strategies, explaining how the 
model has been designed to facilitate the design and 
evaluation of such strategies in a number of important 
fields of decision-making. Finally, Section 3.7 deals with 
the alternative hypotheses about the long-term behaviour 
of exogenous variables, which are required in order to 
explore the effects of long-term strategy choices under 
a wide range of conditions.
Section 3.2: Projection of changes in the population
The model concentrates attention on the indigenous 
population. The numbers and activities of expatriates 
are considered only insofar as these influence the effects 
of economic development on the indigenous population,
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which is classified into the following categories: 
by age (5-year age groups) 
by sex
by educational qualifications 
university 
other tertiary 
secondary 
primary
less than primary 
by location 
village 
urban'*'
by workforce status
participants in the workforce 
in wage employment 
professional 
sub-professional 
skilled 
unskilled
not in wage employment 
self-employed 
unemployed
non-participants in the workforce
attending educational institutions 
other dependants.
The growth of the indigenous population, and changes in
The 'urban population' in this study includes all 
non-village centres including plantations. The 
terms 'village population' and 'rural population' 
are used interchangeably.
1
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composition according to this basis of classification are 
derived in four separate submodels.
Population growth
This submodel is designed to use the component 
method of population projection developed by the United 
Nations to project the population by age and sex."*"
Mortality levels are specified in terms of the expectation 
of life at birth. The projections presented in this 
study assume that life expectancy will increase at an 
exogenously determined rate associated with a continuing 
improvement in the provision of public health services.
As in a number of other economic-demographic
2models designed for developing countries in recent years, 
changes in fertility are endogenously determined. Fertility 
rates in rural and urban locations are assumed to be 
determined by incomes per head, changes in educational 
composition and the proportion of women in wage employment; 
these variables are projected by the other submodels 
(see Diagram 3.1).
Education
The submodel of the education system is an 
adapted version of the Unesco Educational Simulation 
Model (1974). This model is defined in terms of a set 
of parameters representing rates of progression (or 
promotion) within institutions and rates of transfer 
between institutions, which are used to calculate the 
movement of students through the system. The simulation
1 See United Nations (1956).
2 For example, the BACHUE series of models; see 
Blandy (1973), Wery (1974).
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model is used to derive long-term projections of enrolments 
and the supply of graduates, as well as the number of 
teachers and other resources required to finance the 
expansion of enrolments corresponding to various strategies. 
These projections can then guide the choice of long-term 
strategies for the provision of education.^
The submodel of the Papua New Guinea education 
system is designed so that strategies are defined in 
terms of the time paths of a small number of key parameters. 
These are then used to derive the growth of enrolments 
for each type of institution from variables generated within 
the model. For example, the linking of the submodel of 
the education system to a submodel for projecting the 
age-sex composition of the population, makes it possible 
to specify strategies for the provision of primary 
education in terms of the proportion of entry-age children 
to be admitted in each year of the projection period.
The link with the population submodel also makes
it possible to project the changing educational composition
of the population as students depart from the education
system with various qualifications. The cross-classification
2of the population by education and skill level allows the
1 This approach to educational planning is now widely
accepted? the UNESCO model has been applied in several 
countries (see Auerhan (1971), UNESCO (1972), (1973)).
A model constructed along these lines has already been 
used for planning the growth of the Papua New Guinea 
education system (see Elek (1975)).
2 The four skill categories used in this thesis are 
based on a five-fold classification used by the Papua 
New Guinea Manpower Planning Unit, which subdivided 
wage employment according to minimum qualifications 
required for each job. The correspondence between the 
two classifications is set out in Appendix 1,Table 6(b).
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model to trace the rate of replacement of expatriates at 
each level, as indigenous personnel with suitable qualifications 
become available. The changing educational composition of 
employment at various skill levels can be used to show the 
relative demand and supply for certain types of manpower.^
The present version of the education submodel 
has been designed to study alternative strategies relating 
to formal education in specialised institutions. However 
the model could be extended to consider the potential costs 
and benefits of other kinds of educational programs (for 
example a program to increase the number of literate adults 
at some specified rate), as long as the resource requirements 
and expected benefits in terms of productivity could be 
quantified.
Migration
The submodel of migration seeks to explain the 
observed pattern of rural-urban migration in Papua New Guinea, 
and to project future trends by assuming that migration is 
mainly influenced by economic incentives, and that the rate 
of migration can be estimated as a response to the 
differential between expected incomes per head in either 
location.
Such a model of migration was developed by 
Todaro (1969), based on observations from East African 
countries. That model was designed to explain the 
persistence of migration despite the existence of a positive 
marginal productivity of labour in agriculture, and
Where wages are linked to the level of employment, 
rather than to educational qualifications held by 
employees, these changes will be reflected in the 
distribution of incomes according to education.
1
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considerable unemployment in urban areas where the 
policy-determined urban wage was considerably higher than 
rural incomes per head. According to the Todaro model, 
the decision to migrate takes into account the probability 
of obtaining wage employment, depending on the level 
of unemployment in urban areas. If urban wages are 
sufficiently high relative to rural incomes per head, 
expected incomes will be higher in urban than in rural 
areas even when there is a high rate of unemployment, so 
the incentive to migrate will persist. The model 
therefore gives rise to the concept of an 'equilibrium' 
rate of unemployment where the probability of not finding 
employment offsets the differential between urban wages 
and rural incomes/ Any fall in the rate of unemployment 
would improve the probability of finding employment, 
which would lead to a higher rate of migration until the 
rate of unemployment rose once again.
The original version of the Todaro (1969) model 
has been adapted in several ways in the present study. 
Return migration to the villages by unsuccessful wage job 
seekers or persons retiring from urban occupations and 
rural-urban migration of dependants are considered, as 
well as the movement of adult males to towns in response 
to economic incentives. The three types of migration are 
distinguished not only because they are determined by quite 
different causes, but also because they involve the 
movement of groups with distinct age, sex and educational 
characteristics.
Both subsistence and monetary incomes are taken 
into account when calculating expected incomes in rural
1 See Harris and Todaro (1970).
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areas, while the derivation of expected urban incomes 
allows for the possibility of self-employment in the urban 
informal sector by unsuccessful wage job seekers. The 
adapted Todaro model is linked to other submodels that 
project the composition of rural and urban populations 
classified by age, sex and education. This makes it 
possible to derive the composition of migration allowing 
for different probability of finding wage employment for 
persons with different characteristics; it is possible 
to investigate the effects of alternative educational 
strategies on the pattern of migration. Finally, the 
linkage with the economic submodels makes it possible to 
illustrate the approach to some 'equilibrium* rate of 
employment corresponding to government policies that 
influence wage rates or rural incomes, allowing for 
indirect effects on the rate of growth of wage employment.
Changes in the workforce
The first step in allocating the population by 
workforce status is to allow for the number of persons 
attending educational institutions in either location, as 
derived by the submodel of the education system. The 
remaining population in either location is then classified 
into participants and non-participants. Allowance is made 
for different labour force participation rates by age, 
sex and education rates in each location.
The average participation rate for adults in 
rural areas is well above 90%, and it is assumed that 
all participants are self-employed. As explained in 
Section 2.2, the model makes no distinction between persons 
engaged in different kinds of rural production; the same 
person may be involved in subsistence agriculture, cash 
cropping and small-scale trading activities.
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The allocation of the urban workforce depends on 
the number of job opportunities relative to the number 
of job seekers in any year of the projection period. The 
number of jobs to be filled at any skill level is the sum 
of vacancies created by retirements and the growth of 
demand for labour as projected by the submodel of production 
and employment. In addition to rural-urban migrants, 
wage job seekers are assumed to include all participants in 
the urban workforce other than those remaining in wage 
employment from the preceding year.
Job opportunities at each skill level are filled 
according to employers' preferences for persons with different 
age, sex and educational characteristics. At the higher 
skill levels, it is assumed that only persons with some 
minimum qualifications are considered for recruitment.
In the early years, when the flow of indigenous persons 
emerging from the education system falls short of the demand 
for higher level manpower, it is assumed that the gap will 
be filled by expatriates. In later years, an excess supply 
of highly educated Papua New Guineans may emerge, depending 
on the strategy selected for the expansion of higher 
education. The model makes allowance for some of these 
persons to remain unemployed rather than accept jobs at 
lower skill levels.
Wage job seekers who are unsuccessful in finding 
wage employment at the lowest, unskilled level are assumed 
to remain unemployed or to enter self-employment in either 
rural or urban areas. In the present model it is assumed 
that only those who have a high probability of being selected 
for wage jobs remain 'openly' unemployed. Consequently, 
when there is a large proportion of the urban workforce not 
in wage employment, most unsuccessful wage job seekers enter 
self-employment while continuing to seek entry to modern 
sector employment.
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Section 3.3: Projection of changes in the economy
The economic variables (such as incomes per 
head in each occupation and the growth of demand for 
wage labour) that influence changes in the composition of 
population are derived in three further submodels, whose 
function is summarised by links shown on the left-hand 
side of Diagram 3.1. For these sub-models, the economy 
of Papua New Guinea is subdivided into a number of sectors 
distinguished in the preceding chapter. In most studies, 
the sectoral division of an economy is based on the types 
of commodities produced, as, for example, the classification 
adopted in the inter-industry study by Parker (1973).^ 
However, since the present study is primarily concerned 
with the effect of economic growth on incomes and employment 
in rural and urban areas, the sectoral division is based 
on the location of economic activities, the use of labour 
and capital in production and the distribution of income.
The characteristics of the sectors of the economy considered 
by the present model are summarised in Table 3.1, and 
discussed in more detail below.
One consequence of adopting the present basis 
of subdivision is that each sector, and especially the 
industrial sectors, includes the production of a wide 
range of commodities. The interrelationships of sectors 
producing similar commodities, in particular the 
determination of intermediate demands, are based on a
1 See Table 2.5.
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Table 3.1i Sectors of Production
Sector Location Determination of Production Factors of Production
1 Subsistence Rural Output related to the number 
of participants in rural 
workforce. Production per 
head may remain constant, or 
decline as rural monetary sector 
production increases.
No wage labour is used, 
and output is not limited 
by the stock of capital 
purchased from outside the 
subsistence sector.
2 Smallholder production Rural 
of food crops for the 
domestic market
3 Smallholder production Rural 
of cash crops for export
Output is determined by the 
accumulation of capital; 
the supply of land and 
(self-employed) labour is 
adjusted to the rate of 
production.
4 Plantations, producing 
cash crops for export
Urban* Output is determined by a c.e.s. 
production function of labour 
and capital. A fixed amount of 
land is allocated to 
plantations.
5 Natural resource 
based projects
Urban* The scale and timing of 
individual projects are subject 
to government decisions.
6 Rural small-scale 
industry
7 Urban small-scale 
industry
Rura 1
Urban
Output determined by the 
accumulation of capital; 
income is shared among all 
(self-employed) participants.
fl Modern industry Urban Production determined by
total demand for the domestic 
production of industrial 
products, less the output of 
small-scale industry (sectors 
6 and 7).
9 Government services Urban* Provision of education and 
infrastructure are determined 
by government policy.
The capital/output ratio 
declines, reflecting 
improvements in productivity 
due to changes in educational 
composition and the provision 
of infrastructure by the 
government. No wage labour 
is used; capital is financed 
from rural savings, supplemented 
by government lending.
Capital-labour ratios are 
determined from relative 
factor prices; both factor/ 
output ratios decline with 
improvements in productivity 
due to the provision of 
infrastructure by the 
government.
Capital and wage labour 
are used in fixed proportions 
to output. Investment may 
be financed by government or 
from overseas.
As in sectors 2 and 3, 
except that capital in 
either of sectors 6 and 7 
is financed from savings 
of self-employed in the 
corresponding locations.
Capital and labour 
requirements are determined 
by a c.e.s. production 
function. Factor/output 
ratios vary with relative 
factor prices and improvements 
in productivity.
The employment of public 
servants and the purchase 
of goods and services from 
the industrial sectors 
(sectors 5 to 7) is derived 
from proportions set by 
government policy.
1 According to the classification by location adopted in this study, all population outside 
traditional villages is classified as 'urban'.
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condensed version of the input-output table for 1970.
The present version of the model could be extended to allow
for a larger number of commodities, as has been done in
2a number of other economic demographic models.
The subsistence sector
In this study, the subsistence sector is 
defined to be the production of goods and services (such 
as staple foods and housing) in villages to meet village 
needs, without reliance on wage labour or equipment 
purchased from outside. This differs from the usual 
definition which is mainly based on whether goods are 
bought or sold for money. By the definition adopted here, 
it is therefore possible that part of the output of the 
subsistence sector might be exchanged for money within 
the villages, and that this proportion may increase over 
time.
Subsistence incomes per worker in the rural 
areas are taken into account in the economic factors which 
determine fertility, migration and consumption patterns 
projected by other submodels. Subsistence income per head 
may be assumed to remain constant, or to fall as monetary 
income per head increases over the projection period.
1 See Parker (1973) p.63. The condensed version
used in the present study is shown in Table 9, 
Appendix 1: the proportions of intermediate goods
to total production are assumed to remain constant 
over the projection period.
2 See for example, Blandy (1973) and Wery (1974).
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Agriculture
Agricultural production in the monetary sector 
is classified into plantations producing export crops, 
and smallholders producing food crops for domestic markets 
as well as export crops. Papua New Guinea's production 
of any export crop is small in comparison to world markets, 
so it is assumed that all output can be sold at exogenously 
determined prices. Moreover, only a small proportion of 
non-subsistence food requirements are currently supplied 
from domestic sources, so it is assumed that the growth 
of the agricultural sectors is determined solely by supply 
constraints.^
As a corollary of the present government policy 
of promoting domestically owned small-scale activities, 
it is assumed that no new land will be made available for 
plantations after independence. In addition, it is assumed 
that there will be no further net investment, so the stock 
of capital will remain constant from 1976. The growth 
of production is determined from the stock of capital using 
a constant elasticity of substitution production function, 
which allows for changes in factor/output ratios in response 
to changes in wage rates set by government policy, and 
improvements in productivity of labour and capital due to 
the provision of infrastructure by the government.
As no wage labour is used and incomes are shared 
among all participants in the smallholder sectors producing 
food and export crops, it is assumed that the supply of
The production of food for domestic markets outside 
villages is ultimately limited by demand; if this 
limit is reached, the model provides for a transfer 
of resources from food crop to export crop production.
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labour is adjusted to production. Land is not an overall 
constraint (see Section 2 .2 ), therefore output of rural 
smallholders is assumed to depend only on the accumulation 
of working capital from savings out of rural incomes, 
supplemented by government lending. Allowance is made for 
a gradual improvement in productivity due to the provision 
of infrastructure and improvements in the educational 
composition of the rural workforce.
Major natural resource based projects
The dramatic impact of the Bougainville copper 
mining project on the economy of Papua New Guinea was 
outlined in the preceding chapter. Additional major 
projects that may be launched in the near future include 
timber exporting operations, the harnessing of hydroelectric 
power for export-oriented industries as well as mining 
projects similar to the Bougainville project.
The model is designed to explore the effects 
of decisions concerning the scale and timing of individual 
major projects, the acquisition of government ownership 
during the construction phase and the taxation of profits 
during the production phase of each project.
Industrial sectors
Commodities other than agricultural products 
and the output of the major projects have been amalgamated 
into a single commodity group: 'industrial goods and
services'. As in the case of agriculture, the model 
distinguishes small-scale sectors relying on self-employed 
labour, and a modern sector employing wage labour in 
conjunction with capital.
The long-term growth of total production by 
domestic industry is determined from the growth of demand 
from consumption by indigenous and expatriate residents,
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government expenditure, exports and investment demand and 
intermediate demands associated with the growth of 
production in the several sectors of the economy.
Currently, less than two-thirds total demand for industrial 
goods and services is met by domestic production. It 
is assumed that this proportion will increase slowly over a 
long-term period as the provision of infrastructure is 
improved, and the increasing size of the market makes it 
profitable to produce an increasing range of industrial 
products within Papua New Guinea.
The growth of the small-scale industrial sectors
is derived from the accumulation of savings of past
earnings. As in the smallholder agricultural sectors,
allowance is made for improvements in productivity linked
to the provision of education and infrastructure by the
government. Government policy is assumed to ensure that
the growth of these sectors is not limited by lack of
demand. Consequently, the planned growth of production
in modern industry is determined as the difference between
total domestic demand and the output of the small-scale
2sectors in rural and urban areas.
1 A considerable range of products is included in the 
category of 'industrial products' in this study, so
it is possible to have exports and imports of different 
types of industrial products in any year of the 
projection period.
2 The planned production in any year is derived from 
the available stock of capital, which depends on 
previous investment decisions based on the expected 
growth of demand. If actual demand exceeds expectations, 
the difference is met by imports. Any such shortfall 
(or excess capacity) is taken into account in subsequent 
investment decisions, as outlined in Section 8.7.
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The demand for labour and capital in modern 
industry is then determined by a constant elasticity of
substitution production function, which allows for changes 
in the relative amounts of factors used in production in 
response to improvements in productivity or changes in 
relative factor prices. It is assumed that this sector has 
access to overseas capital markets. Any investment, 
required to finance planned growth of output, that is not 
financed by domestic savings is assumed to be financed by 
private overseas investment.
Government provision of education and infrastructure 
The provision of government services has been 
divided into two categories: education and 'infrastructure',
used in this study to include all other government services. 
Staff and other resource requirements are derived in detail 
only for the provision of education, but subsequent 
extensions of the model could be designed to treat other 
important aspects of government activity (such as the 
provision of public health, transport and agricultural 
extension services) in a similar manner.
In both cases, a part of government expenditure 
is allocated for the employment of public servants 
(administrators, teachers, medical personnel, agricultural 
extension workers etc.). The remaining part is regarded 
as demand for goods and services to be supplied by any 
of the industrial sectors. In Papua New Guinea, some of 
this demand is met by government agencies (such as the 
Public Works Department)* these agencies are included in 
the modern industrial sector. In many fields of production, 
such government agencies are in competition with private 
contractors and it is assumed that similar criteria will
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be used to determine the techniques of production.
Wage employment
The demand for wage labour generated by the 
expansion of the modern sectors of the economy may now 
be summarised. The demand for teachers corresponding to 
any strategy for the provision of education is derived 
in the submodel of the education system. Employment in 
the provision of infrastructure is derived using an assumed 
ratio of the number of men employed per unit expenditure 
on infrastructure. Employment in the major projects is to 
be a constant proportion of output; it is assumed that 
production techniques follow standardised methods developed 
in other countries. In the other sectors relying on wage 
employment, that is plantations and modern industry, 
allowance is made for labour/output ratios to vary with 
improvements in productivity and changes in relative factor 
prices.
The model allows for a different skill composition 
of employment in each sector using information compiled 
by the Papua New Guinea Manpower Planning Unit (1969, 1974). 
In view of the expected technological progress over the 
course of the projection period, it is assumed that the 
skill composition will gradually alter in each sector 
with the demand for skilled and professional manpower 
increasing relative to the demand for unskilled wage labour.
1 The use of labour and capital in the production of
physical outputs such as school buildings, roads and 
hospitals by government agencies are determined 
according to relative factor prices. Such criteria 
are difficult to apply in the provision of education 
and other such services where ratios of employment 
to goods purchased are generally determined by fixed 
ratios.
64
Personal incomes
The determination of production and employment 
in any year of the projection period is followed by the 
allocation of income generated in each sector. Diagram 3.1 
indicates how the allocation of income, and expenditures 
out of these incomes, which are derived in the second 
submodel of the economy, act to influence the composition 
of the population and the growth of the economy in 
subsequent years.
The allocation of wage jobs between indigenous 
and expatriate employees is determined in the job 
allocation submodel described above. As the government 
is the largest single employer of labour, it is assumed that 
wage rates are influenced by government strategies (see 
Section 3.6). Net incomes of wage employees are calculated 
by allowing for income tax and earnings from their investments 
in the private sector out of their savings in earlier years. 
Further allowance is made for remittances out of indigenous 
wage incomes to the self-employed in towns or in villages.
The disposable incomes of urban self-employed are made up 
from these remittances and earnings from urban 'informal' 
industry. In addition to subsistence incomes, the income 
of the rural workforce includes earnings from smallholder 
agriculture, small-scale village industries, profits 
accruing from any previous investment in plantations and 
remittances by indigenous wage employees.
Consumption and savings
The pattern of expenditure out of the disposable 
income of each group is assumed to vary with incomes
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per head. The proportion of incomes saved is assumed
to rise and, according to Engel's law, the share of
consumption alloted to foodstuffs is assumed to fall if
incomes per head increase over the projection period.
The savings of expatriates are assumed to be remitted
2overseas. Savings by indigenous wage employees that 
are not redistributed to other groups are assumed to be 
used for financing some of the investment in modern industry. 
The urban self-employed are assumed to reinvest any savings 
in the 'informal' sector. Rural savings may be reinvested 
in smallholder agriculture, small-scale industry, or used 
to acquire a share of ownership in the plantation sector.
Government revenue and expenditure
The third submodel of the economy is used to 
derive a set of national accounts based on the values of 
economic variables projected by the other submodels for 
each year of the period. Particular attention is devoted 
to alternative ways of balancing government incomes and 
outlays.
1 These are derived by allowing for dependants as 
well as members of the workforce.
2 In this study savings out of indigenous disposable 
incomes are strictly defined to be funds spent to 
promote production in some sector of the economy. 
Expenditure on items such as housing are defined to 
be part of consumption demand for industrial goods 
and services.
Such investments would generally be made through 
financial intermediaries, such as trading banks or 
the recently established Papua New Guinea Investment 
Corporation.
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Domestic revenue is determined by the growth 
of the economy, government policies regarding taxation of 
wage incomes and profits, and alternative strategies for 
acquiring ownership in the modern sectors of the economy, 
especially in the major natural resource based projects.
The importance of foreign aid has been discussed in 
Chapter 2. While the future flow of aid may be influenced 
to some extent by the policies of the Papua New Guinea 
government, it has been decided to treat foreign aid as an 
exogenous variable in this study.
The components of government expenditure are:
. provision of education;
. provision of infrastructure;
. net lending to rural smallholders;
. purchase of ownership in major projects,
plantations and modern industry;
. accumulation of reserves.
Outlays to finance investment in major projects 
will be concentrated during their construction phases, 
while a sharp discontinuity in the flow of revenue may be 
expected with the commencement of the production phase 
of each project. Other fluctuations in revenue may be 
caused by changes in export prices and in the flow of aid.
In order to permit a smooth expansion of expenditure in 
those fields where continuity is far preferable to short-term 
reversals (namely the first three items in the above list 
of expenditures), it is assumed that the government is 
able to use overseas borrowing.
In the projections presented in this study, 
the time path of the government's net indebtedness
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overseas is derived as a residual. Projections of 
indebtedness can be used to compare alternative policies 
affecting various components of receipts or outlays, or 
to show the effect of alternative flows of aid on the 
long-term balance of government revenue and expenditure.
Money and prices
The present study is primarily concerned with 
long-term policy formation; deficit financing (or its 
converse) are not considered since these are essentially 
short-term decisions. It is assumed that any difference 
between domestic revenue and total government expenditure 
is made up by foreign aid, net borrowing from abroad or 
adjustment of reserves of foreign currency.
For similar reasons, monetary policies are 
assumed to be 'neutral' in the determination of the 
long-term growth of production and employment. It is 
assumed that, following the introduction of a fully 
independent monetary system in 1976, the exchange rate will 
be managed to offset changes in the average price of 
importables. It is assumed that the relative prices of all 
imported foodstuffs and industrial products will not change 
over the projection period, although the average price 
of these imports may change in terms of any single 
currency. All projections of production and incomes are 
presented in terms of the 1968/69 average price of imports 
expressed in Australian dollars.
1 The model also makes it possible to specify a program 
of borrowing over a period, and derive adjustments in 
other components of expenditure (e.g., investment in 
modern industry) as a residual in order to balance 
the government's accounts in any year.
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The prices of domestically produced importable 
goods (food and industrial products, including capital 
goods) are assumed to be kept equal to the prices of 
competing imports: the low rates of customs duty applied
in the initial years of the period are assumed to be 
kept constant.
The role of prices in the model is restricted 
to the following: the model is designed to study the
impact of alternative strategies on changes in wage rates 
by skill level, relative to the price of imports. Such 
changes in real wages are reflected in the cost of providing 
government services, and the relative change in the price 
of labour is assumed to influence the relative use of 
wage labour and capital in plantations and modern industry. 
The prices of Papua New Guinea's export crops are also 
expressed relative to the average price of imports.
This completes a broad outline of a model 
designed to incorporate some of the features of the 
population and economy of Papua New Guinea, as described 
in the preceding chapter. The details of the construction 
of the individual submodels are set out in Chapters 4 to 10, 
indicating how the many interactions between economic 
and demographic variables have been interpreted in a form 
suitable for computer simulation. The next section of 
this chapter comments on the problems met in fitting such 
a model to data available from Papua New Guinea.
Section 3.4: Quantifying the model
Computer simulation techniques permit considerable 
freedom in designing and elaborating models of socio-economic 
systems, as the form of the model is not restricted by the 
need to find explicit analytical solutions to a set of 
equations. Perhaps the greatest limitation to the scope
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of such models is posed by the limits of the information 
concerning the behaviour of such systems. In most cases, 
any available data will have been collected for quite 
different purposes and are seldom in the form required for 
the simulation model to be constructed.
The first step of the procedure used to quantify 
the simulation model of Papua New Guinea was to establish 
base data for the size and composition of the population 
and the pattern of production in terms of the classifications 
that have been described. 1966 was selected as the initial 
year for the projections to be generated as this coincided 
with the first census of the indigenous population.
Census data were used to establish the distribution of 
the population by age, sex, educational qualifications and 
location, as shown by Table 2.6. Labour force participation 
rates were also derived from census tabulations, but the 
census data were not sufficient to describe the cross­
classification of the population by the various characteristics 
needed for the model. The additional sources of data used 
in carrying out a complicated sequence of estimates to 
derive the full cross-classification are presented in 
Appendix 1.
The two main sources used to estimate the volume 
and pattern of production for 1966 were the Papua New 
Guinea National Accounts Statistics (1974) and the 
inter-industry analysis of the economy by Parker (1973).
Data from the national accounts were used for aggregates 
while figures derived from the intput-output table 
facilitated sectoral breakdowns. A summary of the steps 
used to estimate initial values for these economic variables 
is also presented in Appendix 1.
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The method for projecting changes in terms of 
these classifications is based on the interrelations 
summarised in Diagram 3.1, often following general 
hypotheses derived from observations from other developing 
countries. A further set of problems met in quantifying 
the model was the matching of projections generated by the 
model to observed changes in Papua New Guinea since 1966.
The exact forms of the relationships incorporated in the 
model and the values assigned to parameters were themselves 
developed using a simulation technique. A preliminary 
working version of each submodel was designed and 
tentative values assigned to every parameter. Then, 
using observed time paths of variables exogenous to the 
submodel being tested,^ a first set of projections of the 
endogenous variables was generated. Parameter values were 
then selectively altered and the effects of these changes 
were simulated. This process was repeated in order to 
improve the consistency of time paths generated by the model 
and observed time paths available from independent sources, 
such as census data for 1971 and time series from national 
accounts.
In every case, it was found that the correspondence 
of simulated and observed time paths could be improved by 
adapting the form of the relationships in each submodel as 
well as changing parameter values. The form of the model 
described and used in this study was reached through a 
long sequence of simulations to obtain what was considered 
to be a satisfactory 'fit' to available observations.
These may include time paths to be projected by other 
submodels. The modular design of the overall model 
allowed each component, or submodel, to be tested 
independently.
1
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The progressive adaptation of parameters and 
relationships in the process of arriving at the present 
form of the model simultaneously constituted a sensitivity 
analysis of the simulation model. This procedure was 
useful in identifying the parameters whose values have 
an important influence on the behaviour of the model.
This will allow the setting up of priorities for further 
research in order to improve the estimates used in this 
study. The sensitivity testing also made it possible to 
reject alternative models which fitted available data, 
but were highly sensitive to small changes in parameters 
whose values could not be determined with any precision, 
or could not be expected to remain constant over extended 
periods. For example, the need to design a model that 
could simulate the turning points associated with the 
short-lived construction phase of the Bougainville project 
led to the rejection of many alternative models.
The detailed descriptions of the submodels will 
indicate that there are a very large number of parameters 
to be estimated. Moreover, when the population is 
classified into over a thousand subgroups, there is a very 
large number of time paths to be fitted. It was found 
to be beyond the scope of this study to use sophisticated 
statistical techniques to judge the 'goodness of fit' in 
every case, and to use criteria such as 'maximum likelihood 
estimates' to select parameter values. Wherever possible, 
the parameter estimates were based on direct observations 
from Papua New Guinea. In other cases, observations from 
other countries were used to help select preliminary 
estimates for parameter values which were then revised 
through the simulation procedure just described. While 
studies of other countries were of considerable assistance,
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it was felt to be inappropriate simply to accept parameter 
values derived by regression studies based on cross-sectional 
data. The special situation of Papua New Guinea, with 
the importance of both foreign aid and natural resource 
based projects in its past and future development, means 
that the pattern of economic and demographic change cannot 
be expected to follow closely the pattern shown by other 
developing countries.
Owing to the lack of accurate, independently 
observed time series for many of the variables generated 
by the model, particular attention was paid to a 
relatively small number of variables. The pattern of 
fertility and mortality rates was established from an 
analysis of changes between the 1966 and 1971 census of 
population. The parameters of the submodel to derive 
rural-urban and return migration were chosen so that the 
volume and composition of net migrants predicted by the 
model was consistent with the relative growth of urban 
and village populations over the intercensal period.
The choice of parameters for the sub-model of 
the education system posed the least difficult problem, 
since data on enrolments by sex at each stage of every 
institution considered in the model were available from 
the Papua New Guinea Department of Education and Office of 
Higher Education.
There are no satisfactory estimates for the time 
path of total wage employment in Papua New Guinea over 
recent years; the only source of annual data,^ does not
Papua New Guinea, Department of Labour and 
Industry, Labour Information Bulletins, Nos 1-9, 
Port Moresby.
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cover all employers. After establishing an initial
estimate for 1966 (as described in Appendix 1), the
parameters of the submodel which derives the growth of
employment from the growth of production were adjusted to
give an estimate for total indigenous employment that was
within 3% of the corresponding estimate by Parker (1973)
for 1978.'*' It was also checked that the time path of
wage employment registered the upturn associated with
the start of the construction phase of the Bougainville
copper project, and the slump following the end of
construction, exacerbated by rapid increases in indigenous
wage rates. The projections of wage employment by skill
level and the proportion of expatriates employed at each
skill level were matched to the cross-classification of
the monetary sector workforce by industry and occupation,
2prepared from 1966 and 1971 census data.
Time series for the growth of value added by 
sectors of production were available for most sectors 
from national accounts. The parameters of the submodel 
determining the timepath of production and value added 
in modern industry were selected so that (when combined 
with the data on the growth of other sectors) the projection 
of the total monetary sector production by the model 
followed the time series presented in the national accounts 
over the passing of the construction phase of the Bougainville 
copper project. Projections of government revenue derived 
by the model (using parameters such as tax rates etc.)
1 See Table 2.7.
2 Papua New Guinea, Manpower Planning Unit (1969, 1974).
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were also matched to time series of government revenue 
from various sources, as shown in the national accounts 
from 1966 to 1973.
Although parameter estimates were based on 
relevant experience from Papua New Guinea and other 
countries whenever possible, and the model designed to 
fit available observations as outlined above, some of the 
forms of the relationships and some of the parameter values 
used in the present model had to be arbitrarily selected.
As additional data become available, the number 
of arbitrary judgments involved in the model design can 
be progressively reduced; the modular structure of the 
model will facilitate any necessary adaptations. While 
arbitrary assumptions remain, the projections from the 
model are not to be regarded as predictions. Conclusions 
are not to be drawn from any single projection, but only 
from comparisons of two or more projections, taking care 
that the differences between projections are not dependent 
on the arbitrary decisions implicit in the design of the 
model.
Section 3.5: The projection period
The model presented in this study is designed 
to provide some guidance to the government of Papua New 
Guinea in formulating policies for economic and social 
development. In most cases, owing to periodic changes in 
the persons in policy-making positions, and to frequent 
changes in the circumstances facing the policy-makers, 
governments tend to make their policies for correspondingly 
brief periods. In contrast, the eight objectives of 
development expressed by the Papua New Guinea Government, 
listed in Chapter 1, call for such considerable changes in
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the structure of the population and the economy, that a 
long period of time will be required to make significant 
progress towards these objectives. It is therefore necessary 
that the model should be used to project economic and 
demographic variables over at least several decades, not 
only to study the long-term effects of policies undertaken 
over any short-term period, but also to study the nature 
of policies over a long period.
The contrast between long-term and short-term 
decision-making is particularly well illustrated by the 
case of educational expansion.^ Some decisions, such as 
which students to admit to primary schools, are best 
made from one year to the next. Five years is an 
appropriate time horizon for deciding where to locate new 
primary schools. But for some decisions, such as planning 
the increase in the proportion of seven-year olds to be 
admitted to primary school from 60% to 100%, a longer 
time period is required. Chart 3.1 shows three possible 
alternatives for the phasing of the approach to universal 
entry to primary education over 25 years; given a shorter 
planning horizon, it is likely that some of these options 
would not be considered. While all these kinds of decisions 
are necessary to the achievement of universal primary 
education, this study is concerned with only the last, 
long-term set of decisions. Similarly, while a number 
of long-term strategic decisions of economic development 
are considered, this study does not deal with short-term 
problems of financial management such as regulation of the 
money supply or the exchange rate.
1 The case for the adoption of time horizons of varying 
length for different sets of decisions is presented 
by Sundrum (1972).
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A further important consideration in choosing a 
planning horizon is that when a country like Papua New 
Guinea embarks on a program of development, there are so 
many aspects which need improvement that there is a 
tendency to try to advance simultaneously on all fronts.
When limited human and financial resources are spread 
evenly and thinly, it is possible that these efforts will 
not make a significant impact on any of these fronts. It 
is important to be able to consider the option of phasing 
the major thrust of policy efforts in different areas at 
different times. In order to do this and cover all major 
areas of concern, a long-term planning horizon is required, 
so the projections from the model should extend over a • 
correspondingly long period.
In view of these considerations, a forty-year 
projection period, from 1966 to 2006, has been selected 
to study the effects of alternative policies. Experimentation 
with the model indicated that this period is sufficient 
to consider a range of alternatives for the kinds of policy 
options necessary to advance the long-term development of 
Papua New Guinea towards the stated objectives . This 
is already a long period but, as .some of the comparisons 
presented indicate, it is barely long enough to illustrate 
differences in effects of certain policy options, 
especially in the field of education.
Section 3.6: Long-term strategies
By far the most important determinant of the 
composition of the population and the pattern of production 
in any year is the corresponding pattern in the preceding 
year. However, over a period of several decades, the 
pursuit of alternative consistent long-term policies 
will have a considerable influence on the process of
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transformation. Because government actions over such an 
extended period cannot be considered in terms of individual 
acts of policy, this section introduces the concept of a 
long-term strategy, as understood in this study, applied 
to selected fields of decision making.
The prime attribute of a long-term strategy is 
that it should provide a guide for actions to be taken in 
a consistent manner over the whole of a long-term planning 
horizon: in this case over a period of 30 years from 1976.
This means that policies for the next five years are made 
in view of their implications for the rest of the period. 
For example, a decision not to expand enrolments in primary 
schools for five years must be combined with plans for' very 
rapid expansion over some future years if universal primary 
education is to be reached before the turn of the century. 
More generally, a long-term strategy requires not only 
decisions on directions or targets, but on the phasing 
of the approach to such targets.
If policies are to be defined over such extended 
periods, the simulation model must be designed to allow 
long-term strategies to be specified in simple, concise 
terms that can be readily understood by policy-makers and 
the general public. It must be possible to capture the 
essential differences between strategy options in terms of 
alternative time paths of a small number of key policy 
variables.
The term 'strategy' has been adopted from game 
theory: where a strategy consists, not of a specific
action by a decision maker, but a rule for determining an 
appropriate response to a given circumstance, whether 
given by a change in the state of nature or by the actions
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of other participants.
In the present study, long-term strategies are 
generally expressed in terms of decision rules, linked to 
corresponding strategic variables endogenously generated 
by the model; the actual tactics adopted in any future 
year will depend on the projection of variables over the 
preceding years. Policy-makers are not expected to commit 
themselves to specific actions for each year of a long 
planning horizon. At the commencement of the period, it 
is sufficient to set up guidelines for making decisions 
in later years in the light of the effects of earlier 
decisions. Moreover, the model can be used to investigate 
the working out of the decision rules under various 
assumptions about exogenous influences, so that it is 
possible to design strategies that have a built-in capacity 
for reacting to contingencies that may be expected to 
arise over the planning horizon.
The nature of the decision rules used to specify 
long term strategies concerning government policy, in 
various fields selected for study, are described below.
Education
Intakes to primary school are specified as a 
proportion of children reaching entry age, while intakes
1 For example, a 'maximin' strategy in a zero-sum
game is used to decide the appropriate action by one 
of the players to maximise the minimum 'payoff' 
he can expect, irrespective of the actions of his 
opponent. The actual decision in any game depends on 
the set of entries in the 'payoff matrix'. Further 
examples may be found in Luce and Raiffa (1957) 
and Baumöl (1965).
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to higher levels can be expressed in terms of transfer 
rates. Alternatively, the expansion of education can be 
planned so that the supply of persons with certain 
qualifications matches the demand for corresponding skills 
in the economy. A series of simulations can be generated 
by the model to match the supply and demand at each level, 
taking into account the effect of educational expansion 
on the growth of the economy.
Lending to smallholders
Rather than directly specifying the volume of 
loans over the projection period, the model provides the 
option of specifying loans, in any year, as a proportion 
of total net investment in smallholder agriculture 
financed by savings out of rural incomes.
Government ownership in the modern sectors of the economy 
Changes in the planned share of government 
ownership over the period are to be specified for major 
natural resource based projects, plantations and modern 
industry. The actual government expenditure to acquire 
or maintain the planned share of ownership is then derived 
from the timing and scale of total investment in these 
sectors. For major projects and plantations, the total 
investment over the period is directly determined by 
separate long-term policy decisions. For modern industry, 
the time path of total investment is endogenously derived 
from the growth of other components of demand, and is 
indirectly influenced by strategy choices in other areas.
Taxation of profits
In any year, the rate of tax on profits of 
major projects, plantations and modern industry can be 
calculated by the model if policy makers specify the
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permitted rate of return (after tax) to capital. Such 
decision rules will allow for automatic adjustment of tax 
rates if the profitability of these sectors is altered by 
other aspects of government policy (for example, the 
determination of wage rates and the provision of 
infrastructure), or by exogenously determined changes in 
export prices.
Determination of wages
The model allows any long-term increase in real 
wages to be related to the rise in productivity of labour 
in some sector of the economy, itself derived from past 
provision of infrastructure by the government. In the 
projections presented in this study, the wages for unskilled 
employees in modern industry are linked to the increase 
in productivity in that sector. Allowance is made for 
differentials by skill level to be determined from the 
relative demand and supply of manpower at each skill level.
For example, differentials may be kept constant if there is 
excess demand, but be permitted to decline if 'educated 
unemployment' emerges.
Income taxes
Specifying income tax strategies in terms of a 
minimum taxable income and a marginal rate of tax provides 
a simple means of allowing the rate of income tax to 
vary with incomes per head.
Provision of infrastructure
Expenditure on infrastructure may be linked to 
the size of population by specifying a desired time path 
of expenditure per head. Alternatively, once other strategies 
are specified, a series of simulation runs can be generated 
to select a time path for a steady expansion of expenditure 
on infrastructure that leads to a long-term balance of total
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government receipts and outlays; that is, to (approximately) 
zero net indebtedness at the end of the projection period.
The latter approach is used in the experiments discussed in 
later chapters. The 'capacity1 to spend on infrastructure 
depends on other strategy choices, allowing alternative 
combinations to be compared in terms of their effects on the 
provision of infrastructure per head over the projection period.
Borrowing
Strategies on government borrowing from abroad may 
be expressed in terms of any desired time path of indebtedness. 
The combinations discussed in the thesis derive borrowing in 
any year as the difference between government outlays and 
receipts (excluding borrowing).
These particular aspects of policy formation 
represent only a small subset of the important decision­
making areas where long-term strategies may be selected by 
the Papua New Guinea government. Perhaps the most important 
omissions from the above list are decisions relating to the 
allocation of government services, and the distribution of 
economic activities over different regions of Papua New 
Guinea. A model where the population is only classified into 
the rural and urban populations cannot contribute to these 
aspects of policy formation.
For the decision-making areas that can be 
considered by the present version of the model, a 'basic' 
time path of each of the key policy variables is specified 
in the course of the detailed submodel descriptions.
The choices were not made by attempting to predict, or 
pre-empt the choices available to the Papua New Guinea 
government. The 'basic' combination of strategies serves 
to generate the basic projection discussed in Chapter 11,
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which is then used as a benchmark for comparing alternative 
long-term strategy combinations in Chapters 13 to 16.
Section 3.7: Exogenous variables
The projections generated by the model depend 
on a number of influences that are exogenous in the sense 
that they are not determined by the model itself, or by 
strategy choices made by the government. It is unreasonable 
to assume that the parameters representing these exogenous 
influences will remain constant over a long-term projection 
period; moreover, the pattern of change may be impossible 
to predict with any precision. Any strategy combination 
will yield different results under different conditions, 
and a simulation model is an ideal tool for exploring and 
comparing projections generated for a range of assumptions.
In theory, the model can explore any number of 
variations: in practice, a very limited set of assumptions
had to be selected to generate the projections that could 
be included in this study. A 'basic' time path, in some 
cases a constant value, has been selected for each of the 
exogenous inputs. Together with the 'basic' combination 
of strategies, these are used to generate the basic 
projection described in Chapter 11, while alternative 
assumptions are considered in subsequent chapters.
Care has been taken to choose time paths that are 
as realistic as possible, but it is not suggested that 
these choices encompass the most likely values for these 
parameters over such an extended period. However, an 
attempt has been made to choose assumptions that reflect 
possible sets of changes in conditions over the projection 
period, by reducing the number of separate, arbitrary 
judgments to be made in order to generate projections.
84
Accordingly, the model has been designed to minimise 
the number of exogenous variables expressed solely as 
functions of time.
For example, while labour force participation 
rates by age and sex cannot be expected to remain constant 
over a forty-year period, it is not necessary to specify 
time paths for each of these rates. The further classification 
of the population by location and educational qualifications 
allows changes in participation rates to be derived within 
the model from the changing composition, by location and 
education, of the population in each age-sex group.
Similarly, as described in more detail in the following 
chapter, birth rates are not assumed to decline at an 
exogenously determined rate. Any change in birth rates is 
derived within the model from changes in the age structure. 
Changes in age-specific fertility rates are, in turn, 
linked to changes in incomes per head and other variables 
derived within the model by means of simple relationships 
using constant parameter values. Alternative time paths 
of fertility changes can then be generated by changing one 
or more of these parameters; there is no need to postulate 
and enter alternative values for each year of the period.
More of these examples will be met in the 
detailed descriptions of the submodels. These will also 
point out the exogenous inputs, such as the time path of 
foreign aid or the pattern of change of copper prices, 
which remain to be specified as functions of time from 
1976 to 2006, the end of the projection period. These are 
the cases where no simple set of relationships could be 
designed to derive time paths from changes in the variables 
generated by the model.
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CHAPTER 4
MODEL OF POPULATION GROWTH
Section 4.1: Introduction
This chapter is the first in a series of chapters 
describing the operation of the model in some detail.
The method for projecting the growth of the indigenous 
population of Papua New Guinea, and associated changes in 
the composition of the population by age and sex are 
presented in this chapter."^ Subsequent chapters will explain 
the derivation of changes in educational composition, location 
and workforce status of the population, and the growth of 
the economy over the projection period.
Section 4.2 summarises the component method 
developed by the United Nations (see UN [1956]) for projecting 
the growth of population. Projections using this technique 
usually rely on exogenous assumptions regarding changes in 
fertility and mortality over some period of time. Such 
projections were first prepared for Papua New Guinea by 
Van de Kaa (1971) based on the assumptions set out in the 
following table.
1 The discussion in this chapter is concerned only with 
the indigenous population of Papua New Guinea. The 
model makes no attempt to project the age by sex composition 
of expatriate residents. The 50,000 expatriates enumerated 
in the 1971 Census of Population represented just over 
2% of the total population. The number of expatriates 
has declined sharply since 1972 since a program for 
rapid indigenisation of the workforce was set in train, 
and this decline is expected to continue as fewer 
expatriates will be required for skilled positions.
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Table 4.1; Assumptions of changes in 
fertility and mortality
Period
Life expectancy 
at birth in years
Changes in total fertility 
rate T.F.R. for 1961 is 
6.225/woman used as 
index = 100
Males Females High Medium Low
1961-66 43.75 43.25 100.0 100.0 100.0
1966-71 48 .30 48.00 102.5 102.5 102.5
1971-76 52.35 52.75 105.0 105.0 100.0
1976-81 55.65 55.75 107.5 100.0 95.0
1981-86 58.20 58.50 105.0 95.0 90.0
1986-91 60.00 60.50 100.0 90.0 85.0
Source: Van de Kaa (1971), p.208 and p.213.
Van de Kaa's assumption of a rapid continuous 
decline in mortality was based on the expected effectiveness 
of the increase in the quality and the coverage of public 
health services in Papua New Guinea. Van de Kaa also 
predicted that after some time-lag, during which population 
would grow rapidly, the decline in mortality would be 
followed by a fall in fertility rates.
Most projections of population growth for developing 
countries that have experienced a rapid fall in death rates 
in recent years have adopted similar assumptions for the 
time path of fertility. The process where an initial fall 
in death rates is followed after some delay by a corresponding
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fall in birth rates has sometimes been termed the 
'demographic transition'
Most of the writers on this subject agree that
factors such as rising levels of education, rising incomes
per head, increasing participation of women in the workforce,
a higher proportion of the population living in urban areas,
or the promotion of birth control measures will be important
2influences in reducing the birth rate. Van de Kaa suggested 
the influence of urbanisation as the factor most likely to 
bring about an eventual fall in fertility in Papua New Guinea. 
However, no functional relationship between urbanisation and 
fertility rates was proposed.
In the present model, as in the BACHUE series of 
3models, an attempt is made to link the projection of fertility 
rates to some of the factors cited above, taking advantage 
of the fact that changes in those factors are themselves 
projected within the model. The relationships and parameters 
used to project changes in fertility are set out in Section 
4.3, and the basic projection of fertility rates and 
population growth are compared to the projections derived 
by Van de Kaa.
1 See Coale (1973), 'The Demographic Transition 
Reconsidered', International Union for the Scientific 
Study of Population, International Population Conference, 
Liege, 1973.
2 See Chapter 4, Volume I in U.N. (1973), The Determinants 
and Consequences of Population Trends, Population 
Studies No.50, New York, 1973.
3 See Blandy (1973), pp.5-6, and Wery (1974), pp.88-100.
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Section 4.2: The United Nations method for generating
projections of population
This section describes the adapted form of the 
UN methodology used to project the growth of the indigenous 
population of Papua New Guinea. Projections of population, 
and its distribution by age and sex are based on assumptions 
about the time paths of fertility and mortality in rural 
and urban areas. The derivation of these time paths in the 
present model will be discussed in section 4.3.
Populations are projected over annual intervals 
in two steps. The first is to estimate the survivors over 
the interval, the second to estimate the number of births.
West Model life tables'*' are used to estimate the ratio of 
survivors from each age-sex group from either location.
The model life tables give the ratio of survivors from one 
five year age group (e.g., males aged 15-19 years), to the 
next over a five-year interval, corresponding to a range of 
values for the expectation of life at birth. The corresponding 
survival ratios for any expectation of life at birth for 
either sex in either location are found by interpolation.
These ratios are used to derive population projections over 
annual intervals as shown by the following example:
1 The selection of West Model life tables for projecting 
the indigenous population of Papua New Guinea is 
explained in Van de Kaa (1971), pp.117-21. The tables 
themselves may be found in Coale and Demeny (1966).
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Let r be the survival ratio, interpolated from 
the model life table for a given expectancy of life at 
birth such that, for example:
P(20-24, male, t + 5) = r.P(15-19, male, t) (4.1)
is the estimate for the 20-24 age group of males at t + 5.
The estimates for the intervening years are set to be:
P(16-20, male, t + 1) = (r°-2).P (15-19, male, t)
P(17-21, male, t + 2) = (r°‘2) .P(16—20, male, t + 1)
etc.
In any year, the population in the conventionally used age 
groupings (15-19, 20-24 etc.), or in any single-year groups 
where required., can be calculated using Sprague multipliers.
The number of births over any annual interval is 
derived from estimates of total fertility rates and age- 
specific fertility rates in either location. These two 
measures are defined as follows:
The age-specific fertility rate (ASF (a^-a ) ) for 
any five-year age group from 15-19 to 45-49 is the 
number of live births per year to each woman in that 
age-group.
The total fertility rate (TFR) is the total number 
of live births that would occur to a woman who 
conformed exactly to the pattern of age-specific 
fertility rates throughout her child-bearing period 
(15-49), so that:
TFR = 5.[ASF(15-19) + ASF(20-24) + ...+ ASF(45-49)] (4.3)
The model for Papua New Guinea derives changes 
in total fertility rates from the sub-model described in 
Section 4.3. Allowance is then made for changes in the pattern
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of age-specific fertility rates. The rate for any age-group 
is any year is interpolated from the patterns of age-specific 
fertility rates for Papua New Guinea and for Taiwan for 
1966 shown in Table 4.2. The pattern of age-specific rates 
is assumed to approach the pattern for Taiwan as the total 
fertility rate for either location in Papua New Guinea, 
estimated by the model, approaches the total fertility rate 
for Taiwan in 1966 as shown in the table.
Table 4,2: Age-specific fertility rates
Papua New Guinea (1966) Taiwan (1966)
age-specific ASF as age-specific ASF as
fertility rate proportion fertility rate proportion
age-group (ASF) of TFR/5 (ASF) of TFR/5
15-19 .071 .051 .038 .041
20-24 .301 .218 .262 .283
25-29 .324 .235 .316 .342
30-34 .283 .205 .180 .195
35-39 .213 .154 .087 .094
40-44 .126 .091 .036 .039
45-49 .063 .046 .006 .006
TFR 6.901 1.000 4.620 1.000
Note 5( I ASF) = TFR (see equation 4.3)
Source: Papua New Guinea, Bureau of Statistics and
Freedman (1969) for Taiwan rates.
The number of births in each location is then 
calculated from the age-specific fertility rates and the number 
of females aged 15-19, 20-24,...45-49 in either location.
The ratio of male to female births is set at the generally 
observed ratio of 105:100, also used in projections prepared
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by Van de Kaa (1971). The proportion of live births of each 
sex in each location over the interval (t) to (t + 1) that 
survive to (t + 1) is then calculated. The survival ratios 
are again derived from the estimates of life expectancy at 
birth for each sex in each location, using the West Model 
life tables.
Section 4.3; Changes in mortality and fertility over 
the projection period
It is assumed that the expectation of life at birth 
will increase over the projection period, as shown in 
Chart 4.1. The quality and coverage of preventive and curative 
health services in Papua New Guinea is continuing to improve, 
and can be expected to result in an increase of life 
expectancy independently of changes in other variables 
projected by the model. The time paths assumed for the 
projections of population in this study allow for the 
expectation of life at birth for either sex, in either 
location to increase at a progressively slower rate. The 
rates of increase over the period 1966 and 1971 were estimated 
from Census data. The anticipated rate of increase in life 
expectancy has been set slightly below the rate predicted 
by Van de Kaa (1971) , whose assumptions were made before 
data from the 1971 Census were available.
Unlike mortality rates, changes in the total 
fertility rate in either location are derived endogenously by 
a simple submodel for linking changes in fertility rates to 
changes in the following characteristics of the population 
in rural and urban locations:
a. income per head;
b. educational composition of the adult 
population (ages 15-60);
c. proportion of women of child-bearing age 
(15-49) in wage employment.
YEf
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These are the factors most frequently cited in 
demographic literature as the main influences likely to bring 
about a reduction of fertility rates in developing countries 
currently experiencing rapid population growth.^ The model 
constructed for Papua New Guinea generates projections of 
changes in these factors, and it was felt to be instructive 
to relate changes in fertility to these. In the absence 
of information available for Papua New Guinea or comparable 
countries that would allow us to specify the precise forms 
and parameters of the relationship involved, the following 
formulation was adopted:
The total fertility rate in either location in any year
(TFR (loc,t)) is derived from the estimates of:
TFR (r, 1966) = 6.9
(4.4)
TFR (u, 1966) = 6.3
for the base year according to the relationship:
TFR (loc, t ) = TFR (loc, 1966) .W]_ (loc, ft) .w2 (loc, t) .Wo (loc . t )
(4.5)
The factors w^(loc,t) are derived from changes in 
characteristics of the population. (Subscripts indicating 
location are omitted for simplicity as the derivation is 
similar for either location.)
w^(t), the adjustment for changes in income per head 
in either location is assumed to vary with changes in incomes 
per head (y(t) ) with a constant elasticity so that:
w (t) - w (1966) y (t) - y (1966)
__________________  = ax ________________ (4.6)
w x (1966) y (1966)
1 See, for example, UN (1973); Encarnacion (1973); 
and Schultz (1974).
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w (1966) is set to 1, and proportional changes are
related to changes in income per head. The parameter (a^)
is set to (a = -0.33) so that w (t) falls as income per 
1 2.1 head rises in either location.
w^(t), the adjustment for changes in educational 
composition is calculated as:
W2 ( t )
5
= E e (t)w
r r = 1  <J q
(4.7)
where e (t) is the proportion of the adult populationq
(aged 16-60) in either location with educational 
qualifications q = 1,5 (see Table 4.3).
w are a set of coefficients used to estimate fertilityq
differentials by education. The values of w usedq
to generate the basic projection are set out below.
The measure of income per head used to determine 
changes in fertility is taken as the sum of monetary 
incomes per head, plus the valuation of subsistence 
income per head.
1
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Table 4.3: Coefficients of fertility
differentials by education
Educational qualifications (q) wq
Less than primary school completed (1) 1.00
Primary school completed (2) 0.90
Secondary school completed 
Tertiary education other than
(3) 0.70
university completed (4) 0.50
University completed (5) 0.40
w^(t), the adjustment for the changes in the 
proportion of women in child-bearing age-groups 
(15-49) in wage employment (p^(t) ) is set to be:
w3(t) = Pf(t)wfl + (l-pf(t) )wf2 (4.8)
where the 'weights' w_. and w _  are set to 0.8 and 1.0f 1 f 2
respectively. The form of equation (4.8) is equivalent 
to an assumption that, ceteris paribus, women in wage 
employment in any year are less likely to have a child 
than those who are not.
While many other factors that may influence 
fertility rates could have been incorporated in a similar 
fashion, the relationships of the present model are put 
forward as a means of illustrating the nature of the quantitative 
assumptions that are required to reconcile a number of widely 
accepted hypotheses. One of these is the general acceptance 
of the theory of the 'demographic transition' - that fertility 
rates will fall in the course of development, following an 
earlier decline in mortality. The second is the hypothesis that 
the three factors listed earlier are likely to be important 
influences in bringing about a fall in birth rates. A third
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generally accepted hypothesis based on observations from 
other countries, is that the decline in fertility will 
proceed more rapidly in urban than in rural populations.
The parameter values specified above were chosen 
so that the basic projection of population growth was 
consistent with these hypotheses. The basic projection 
of the time paths of total fertility rates by location, 
as generated by the model are shown in Chart 4.2. These 
time paths were derived from the time paths of changes in 
incomes per head etc. in the basic projection,“*- using 
equations (4.5) to (4.8). The chart shows that urban 
fertility declines more rapidly in the basic projection, 
and compares the projected declines to the 'medium' prediction 
of fertility put forward by Van de Kaa (1971) (shown in 
Table 4.1).
Table 4.4 compares birth and death rates for the 
basic projection by the present model to the three sets of 
assumptions put forward by Van de Kaa. The projected average 
rate of growth of population of just above 3% p.a. lies between 
Van de Kaa 'medium' and 'high' projections. Such a rate of 
growth represents a doubling time of around 22 years, and 
the population grows from 2.15 million in 1966 to 6.88 million 
by 2006 in the basic projection; further details of the 
basic projection of population are presented in Section 11.7.
1 The relative importance of the three factors in bringing 
about the projected changes in fertility in the basic 
projection will be discussed in Section 11.7.
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CHART 4 . 2 :  RELATIVE CHANGE IN TOTAL
FERTILITY RATE ( T . F . R .  )
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The sensitivity of the projections generated by 
the model to alternative settings for the parameters in 
equations (4.6) to 4.8) will be explored in Section 12.4. 
illustrating the long-tem interactions between fertility 
rates and incomes per head and between fertility rates and 
changes in educational composition. The model could also 
be used to investigate the implications of alternative 
forms for the sub-model used to determine changes in 
fertility. This could be done by admitting alternative 
factors influencing fertility patterns, or by changing 
the forms of the equations (4.5) to (4.8).^ However, no 
projections based on alternative formulations have been 
presented in this study.
1 For example, equation (4.5) could have been specified 
in an additive, rather than a multiplicative, form.
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CHAPTER 5
MODEL OF THE EDUCATION SYSTEM
Section 5,1: Strategies for educational expansion
This Chapter describes the model used to project 
the growth of the education system in Papua New Guinea.
The institutions considered in the model are shown in 
Table 5.1, indicating the length of the course and the 
normal age of entry for each institution. The Table also 
presents the strategy parameters used to determine the 
growth of enrolments and the role of graduates at each 
level.^ Strategies for the provision of education are 
expressed in terms of time paths of key parameters, 
reflecting decisions on the phasing of expansion at various 
levels of the system. A basic strategy for educational 
expansion, used to generate the basic projection described 
in Chapter 11, is spelt out in the following paragraphs. 
Alternative strategies can be specified by alternative 
settings of these parameters over the period, and the 
implications of alternative strategies for education will be 
explored, using the model, in Chapter 16.
1 The model has been designed to incorporate the special 
features of the Papua New Guinea education system.
One important simplification is that a large number 
of small, diverse tertiary institutions, fully described 
in Manpower Studies No.6 (1972) of the Papua New Guinea 
Manpower Planning Unit, have been amalgamated in the 
'other tertiary' category, with an (average) length of 
course of three years.
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The basic strategy is specified as follows:
1. Primary schools: The proportion (a (t)) of seven-year
olds to enter primary schools is to rise linearly from 
approximately 65% in 1975 to 100% by 1990, and kept at 100% 
for the remainder of the period.
2. Secondary schools: The proportion (a2(t) ) of successful
graduates from primary schools to enter secondary schools
is to fall from approximately 35% at present to 20% by 
1985, and kept at 20% for the remainder of the period.
3. Senior High Schools: Total enrolment (c (t)) in these
institutions is to be adjusted to the planned growth of 
enrolments in all tertiary institutions (including teachers' 
colleges). The number of graduates from Senior High School 
is to be matched to the number of entrants to tertiary 
institutions from 1990. At present, 75% of entrants to 
tertiary institutions are secondary graduates (from Form 4); 
this percentage is to be reduced to zero by 1990.
4. Primary teachers' colleges: Total enrolment (c^(t))
is to be such that the flow of graduates is sufficient to 
replace expatriate teachers in primary schools by 1980. 
Thereafter the flow of graduates is to be sufficient to 
cater for the growth of enrolments, allowing for retirement 
of teachers.
5. Secondary teachers' colleqes: Total enrolment (c_(t))5
is to allow the replacement of expatriate teachers by 1985, 
and to cater for subsequent growth of enrolments, allowing 
for retirements.
6. Universities: The total enrolment (cg(t)) is to remain
constant (at 2750) beyond 1976.
7. Other tertiary institutions: Total enrolment (c (t))
in these instituions is to expand so that all expatriates 
in sub-professional jobs are replaced by 1990. Beyond 
1990 the flow of graduates is to be adjusted to the growth 
of job-opportunities at the sub-professional level.
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In every case, other than the determination of 
total enrolments in universities, the strategies are 
specified in terms of other variables generated by the 
model itself. The model has been designed so that policy­
makers are able to specify strategies in terms of a small 
number of key parameters; the model can then be used to 
derive the time paths of enrolments, staffing and costs at 
each level of the system that is consistent with these 
specifications. The details of these derivations are 
presented in the remainder of this chapter, taking each 
level of education in turn.
Section 5.2: Projection of enrolments, staff and costs
It is assumed the present high level of popular 
demand for education at all levels will be maintained for 
the remainder of the projection period, so that the planned 
growth of enrolments is not restricted by the number of 
students willing to be enrolled. Expenditure by the 
government required to implement the strategy selected for 
the provision of education is assumed to be the first 
charge on government revenues.^ The discussion of the 
growth of enrolments at each level deals mainly with the 
remaining problem of matching the supply of teachers to 
the planned time paths of enrolments.
It is assumed that other items in the budget will be 
adjusted to balance total outlays and receipts (including 
borrowing). The details of this adjustment process 
are set out in Chapter 10.
1
Primary education
The model allows for primary schools to be located 
in both rural and urban areas. Enrolments in the initial 
year of the projection period are presented in Table 5.2.
Table 5.2: Primary school enrolments, 1966
units: '000 pupils
1966
Grade Rural Urban Total
M F M F M F
1 22.2 15.1 3.3 1.9 24.5 17.0
2 20.0 13.1 2.3 1.8 22.3 14.9
3 15.7 9.8 2.2 1.4 19.7 11.2
4 11.1 6.3 2.1 1.1 13.2 7.4
5 8.3 4.4 1.6 0.7 9.9 5.1
6 5.7 2.5 1.0 0.5 6.7 3.0
Total 82.6 51.2 11.9 7.3 94.5 58.5
Source: Papua New Guinea Department of Education
Changes in enrolments over recent years indicate 
that progression (or promotion) rates have been higher in 
urban than in village schools, higher for males than for 
females and higher for the lower grades of primary schools.
In line with government policy to eliminate wastage during 
the passage through primary schools, it is assumed that these 
differences would decrease so that all progression rates 
rise to 98% by 1980, and stay at that level for the remainder 
of the period.
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These progression rates are used to derive enrolments 
in grades 2-6 in any year from enrolments in the preceding 
year.^  Repetition rates, observed to be quite small in 
recent years, have been set to zero in the projections 
presented. Those who are not promoted leave the education 
system. The proportion of those in grade 6 who successfully 
complete primary school is assumed to rise from 90% in 
1966 to 98% by 1980; a specified proportion a^(t) enter 
secondary school.
As indicated in Table 5.1, the planned intake into
grade 1 of primary schools in year (t) is determined by the
2number of children of entry age and the specified value of 
the proportion a^(t). The actual intake is derived by the 
model from the number of teachers available, and may differ 
from the planned intake over the projection period.
If actual intakes were to be kept equal to planned intakes, 
there would be violent fluctuations in the number entering 
primary teachers' colleges and in the pupil/teacher ratios 
in primary schools over the projection period. The design 
of the computer simulation model makes it possible to select 
a smooth time path for the growth of enrolments in primary 
teachers' colleges (c (t) ) , that results in a time path of
1 Allowance is made for mortality. Survivorship ratios 
(very close to 1.0 at primary school ages) are assumed 
to be the same for all children in this age group 
whether or not they are enrolled in primary schools.
2 The derivation of the number of seven-year old children 
of each sex in each location has been described in 
Chapter 4. In past years the enrolments to primary 
school have been spread over several single year age 
groups, but current policy is to eliminate this age 
spread in future years. The projections shown assume
a uniform age at entry.
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actual intakes that differs only slightly from planned 
intakes, with only slight departures from a desired pupil/ 
teacher ratio: a series of simulations are generated, based
on alternative time paths for c^(t) in order to arrive at 
such a combination. A number of similar applications of 
the simulation technique for the selection of consistent 
strategies will appear in this, and subsequent chapters.
In each of the simulations, the following steps 
are used to derive the actual intakes to primary schools 
over the period from the number of teachers available.
The initial supply of teachers in 1966 was 4650, of whom 
1150 were expatriates. The number of expatriate teachers 
in primary schools has fallen sharply since 1966, and is 
planned to fall to zero by 1980. The number of indigenous 
teachers is calculated by allowing for an assumed rate of 
attrition of 5% of indigenous teachers in the preceding 
year, and for the flow of new graduates from teachers' 
colleges. The derivation of the number of graduates from 
the growth of total enrolments in primary teachers' colleges 
is described later in this section.
The number of teachers available to cater for new 
intakes is derived as the difference between the total 
supply of teachers and the number required to cater for 
enrolments in grades 2 to 6 of primary schools. The number 
of teachers required for these grades is set equal to the 
number teaching in grades 1-5 in year (t-1), thus allowing 
for a fall in pupil/teacher ratios over the course of
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primary schools.
The projections presented in this study assume 
that all urban children of entry age are to be enrolled in
primary school, allowing for a pupil/teacher ratio of
36:1 throughout the period. The model could also be used
to consider projections where entry ratios for urban children
are permitted to fall below 100%. In any projection, the
number of teachers available to cater for new entrants to
rural primary schools is calculated, allowing for the
number required for enrolments in grade 1 in urban primary
schools. The actual intake to rural primary schools in
any year is derived using a maximum pupil/teacher ratio.
This ratio is assumed to rise gradually from 35:1 at present
2to 40:1 by 1990. In the years before the achievement of 
universal entry to primary schools (1990 in the basic 
strategy) the proportion of girls of entry age in villages 
to be admitted is assumed to rise from the current ratio
1 The number of pupils in grades 2-6 is lower than
the number enrolled in grades 1-5 in the preceding year 
as a result of drop-outs and mortality. However, the 
isolation of generally small primary schools means 
there is little scope for a corresponding reduction 
in teachers through amalgamation of classes in upper 
grades. The model can allow for a proportional reduction 
in teacher requirements but this option was not used 
in generating the projections presented.
2 These pupil/teacher ratios are low in comparison to 
ratios reported in other developing countries. The 
low density of rural populations in many parts of 
Papua New Guinea makes it impossible to raise pupil/ 
teacher ratios concurrently with the process of opening 
schools in new areas. One of the projections discussed 
in Chapter 16 will indicate how universal intake could 
be achieved sooner with the same number of teachers if 
higher pupil/teacher ratios were feasible.
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of approximately 33% to 50% by 1980. This is in accordance 
with the expressed ambition of the government of Papua 
New Guinea to ensure that women are given equal opportunity 
to participate in all types of economic and social activity.
In any year after universal primary education 
is achieved, the actual intake is set to be the number of 
village children reaching entry age. As explained above, 
the time path of enrolments in primary teachers' colleges 
is chosen so that actual pupil/teacher ratios do not fall 
significantly below the desired (as against maximum permitted) 
ratio. The desired pupil/teacher ratio has been set to 
36:1 in the projections considered in the thesis.
Secondary education
As shown in Table 5.1, secondary education has 
been classified into two types of institutions:
(a) secondary schools catering for Forms 1 to 4
(b) Senior High Schools catering for Forms 5 to 6
No distinction is made between secondary teachers in either 
of these institutions; the two are distinguished by the 
strategies used to derive the growth of enrolments.
The time path of enrolments (c (t) ) in Senior 
High Schools is geared to the growth of total enrolments 
(c^(t)) to (c (t)) in all tertiary institutions. The number 
of graduates in any year is set to be 95% of enrolments in 
Form 6 in the preceding year. According to the basic 
strategy on education, the percentage of graduates from 
Senior High School to new intakes to all types of tertiary 
education is to rise from 25% at present,'*' to 100% from
1 The remainder of the intake to tertiary institutions 
is drawn from graduates from Form 4 of secondary schools.
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1990 to the end of the period. The basic projection for 
the growth of enrolments in Senior High Schools was derived 
using the simulation technique described earlier in this 
section. Given specified time paths for c^(t) to c (t) , 
a series of simulations were generated in order to select 
a time path for c^(t) that provided for a flow of graduates 
to match the above specifications.
Enrolments in Form 6 are set to be 95% of 
enrolments in Form 5 in the preceding year. Current 
enrolment in Form 5 is then determined as a residual from 
the total enrolments. The number of secondary teachers 
required for Senior High Schools is calculated from the 
total enrolments (c (t)). In line with current government 
policy, the pupil/teacher ratio is assumed to rise from 
15:1 at present to 20:1 by 1980.
Turning to the expansion of enrolments in secondary 
schools, enrolments in Forms 2 to 4 are derived from previous 
enrolments in Forms 1 to 3. Progression rates are set to 
be 95% in each case.'*' 95% of previous enrolments in Form 4 
are assumed to be successful graduates, classified as 
' secondary school completed' in the classification of the 
indigenous population by educational qualifications. The 
proportion who proceed further to Form 5 is derived from 
the growth of enrolments in Senior High Schools.
The planned intake to Form 1 in any year is
1 One exception is that the present progression rate
from Forms 2 to 3 is currently set to be 60%. Present 
policy is to eliminate this difference and this 
progression rate is assumed to rise linearly to 95% 
by 1984. Repetition rates in secondary education are 
set to zero in the projections presented.
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determined by the number of successful primary school 
leavers and the specified time path for the transfer 
rate a (t) . As in the case of entry to primary schools, 
the actual intake is derived from the available supply of 
secondary teachers. The initial supply of teachers in 
1966 was 580, all of whom were expatriates. In the basic 
projection, the number of expatriate teachers is to be 
reduced to zero by 1990. Changes in the stock of indigenous 
secondary teachers are determined from an assumed attrition 
rate of 5% per year and the flow of new graduates from 
secondary teachers' colleges. The number of teachers available 
for Forms 1-4 of secondary schools is calculated by allowing 
for the number of teachers required in Senior High Schools.
The desired pupil/teacher ratio is higher in secondary 
schools than in Senior High Schools; it is planned to rise 
from the present 22.5:1 to 30:1 by 1980. The actual intake 
to secondary schools is set equal to the planned intake, 
provided that the pupil/teacher ratio does not differ by 
more than ± 2 from the desired ratio. A sequence of 
simulations was generated in order to select a smooth time 
path for the growth of enrolments in secondary teachers' 
colleges for the basic projection that resulted in only 
slight divergences of planned and actual intakes for such 
limited divergences from the desired pupil/teacher ratio.
The composition of enrolments to Form 1 is 
determined as follows. The proportion of girls admitted 
is assumed to rise from 32% in 1966 to 50% by 1982.
From 1966 to 1972, the proportion of urban primary school 
leavers admitted to secondary schools was considerably higher 
than the proportion of rural primary school leavers transferring 
to secondary schools. In line with the present government 
policy for equal distribution of services, this differential
Ill
is assumed to be eliminated by 1982. All secondary schools 
are located in urban areas, so that the admission of rural 
primary school leavers to secondary schools represents a 
transfer of population by location.
Tertiary education
Four types of tertiary institutions listed in 
Table 5.1 are included in the present model. The growth 
of capacity of universities (c (t)) is specified directly 
by policy-makers in all of the educational strategies 
considered in this study, while the expansion of enrolments 
in the other institutions is derived indirectly from the 
time paths of other variables generated by the model.
The selection of the time paths for enrolments
in primary and secondary teachers' colleges has already
been discussed. The growth of enrolments in other tertiary
institutions (c (t)) is to be matched to the growth of
employment at the sub-professional level. All expatriates
employed at this level are to be replaced by 1990.
Thereafter the flow of graduates is to be adjusted to match
the number of job-opportunities at this level. The number
of job-opportunities is determined by the growth of total
employment and the retirement of persons previously employed.
The model allows for some of these job opportunities to
be filled by graduates from university who are unable to
find professional employment, and are willing to accept
jobs at the sub-professional level.^ Allowance is also
made for the promotion of some of those previously employed
2at the skilled level, and for some of these positions to
1 The derivation of the number of such persons in any 
year is described in Section 7.4.
2 See Section 7.2.
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be filled by attrition from the teaching force. The
simulation technique was again used to select a time
path for the growth of enrolments c^(t)) that generated
a flow of graduates matched to the remaining job opportunities
2at the sub-professional level.
The determination of the flow of entrants and 
graduates from the time path of total enrolments is similar 
for each type of tertiary institution. The model can allow 
for any assumed rates of progression and repetition; the 
projections in this study are based on the assumption that 
95% of enrolments at any stage in each institution are 
promoted to the next stage, and repetition rates are zero.
95% of enrolments in the final stage are assumed to complete 
their course successfully.
Successful graduates from teachers' colleges are 
directly employed as teachers. Secondary teachers are 
employed, and paid, at the professional level and their 
qualifications are regarded as equivalent to university
1 The assumed rate of attrition of teachers is 5% a 
year. This is higher than the average rate of 
retirement of persons employed at the sub-professional 
skill level, so that some of those leaving the teaching 
force are assumed to transfer to other positions at the 
same skill level.
2 It may be noted that such a strategy for tertiary 
education results in the total stock of persons with 
various tertiary qualifications being matched to the 
total demand for employment at the sub-professional 
and professional level.
113
graduates in the classification of the population by
education. Primary teachers are employed, and paid, at the
sub-professional level, and their qualifications are
regarded as equivalent to graduates from the 'other tertiary'
institutions. Graduates from those institutions and from
universities are not directly employed at any level, but
join a pool of wage-job seekers. Their placement to various
occupations depends on the growth of job opportunities and
the allocation of these according to employers' preferences,
as described in Chapter 7. The resulting changes in the
educational composition of employment by skill levels over
2the projection period can be used to check the consistency 
of the expansion of tertiary education and the growth of 
employment.
The number of new enrolments to each institution 
is calculated from the time path of total enrolments, 
allowing for re-enrolments. For tertiary institutions there 
is no divergence of actual intakes from planned intakes.
The number of instructors required is determined by assuming 
an 8:1 student/instructor ratio in universities and secondary 
teachers' colleges and a 12:1 ratio for primary teachers' 
colleges and other tertiary institutions. The proportion of 
indigenous instructors is assumed to increase linearly 
from zero in 1972 to 80% by the end of the projection period
1 Since 1974, the only secondary teachers' college in 
Papua New Guinea has been administered as part of the 
University of Papua and New Guinea. The strategy of 
expansion of teacher training capacity has been treated 
separately in the model to allow the supply of teachers 
to be matched to the growth of secondary education.
2 See for example Chart 11.11 for the basic projection.
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in 2006. It is assumed that expatriate instructors can 
be recruited in the numbers required; indigenous 
instructors are to be drawn from tertiary graduates in 
earlier years, in some cases by the promotion of teachers 
after some years of experience.^
In the early years of the projection period 
(up to 1990 in the basic projection) the total planned 
intake to tertiary education exceeds the number of graduates 
from Form 6 of Senior High Schools. The four tertiary 
institutions are assumed to select their planned intakes 
according to the following order of precedence:
1. universities;
2. secondary teachers' colleges;
3. other tertiary institutions;
4. primary teachers' colleges.
In each case, if the number of Senior High School
graduates (available after allowing for entry to institutions
higher in the order of precedence) is greater than the
planned intake, then only Form 6 leavers are admitted. The
proportion of females admitted is assumed to rise from 15%
2in 1966 to 40% by 1985 and thereafter. If the number of 
Form 6 leavers is less than the planned intake, then all 
Senior High School graduates available are enrolled and the 
remainder of the intake is drawn from secondary school
1 See note 1, p.lll.
2 The ratio of 40% females in the total enrolment in 
tertiary institutions approximates the proportions 
of females in similar institutions in developed 
countries. See UNESCO Yearbook 1973.
The ratios of females enrolled in Senior High Schools 
is also adjusted to this proportion.
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graduates from Form 4. The proportion of males and females 
is derived as for Form 5 leavers.
Expenditure on education
The expenditure required to implement any strategy 
for educational expansion is derived from the growth of 
enrolments and staff requirements. The total expenditure 
in any year includes capital costs, teachers' salaries and 
other recurrent costs.
Teachers' salary costs are calculated from the 
number of expatriate and indigenous primary teachers 
employed at the sub-professional level, and secondary and 
tertiary instructors employed at the professional skill 
level. The salary rates, at each of these levels in any 
year, are determined by the government strategy on wages, 
described in Chapter 9. Other costs are calculated on 
the basis of unit costs per pupil. Recurrent costs, such as 
teaching materials and maintenance costs, are calculated 
from the number of pupils enrolled while capital costs are 
derived from the growth of enrolments over the current year, 
determined by the strategy for expansion.
1 Students admitted to university from Form 6 follow 
a four-year course. The model allows for the 
present practice of enrolling intakes from Four 4 
to a five-year course, the last four years corresponding 
to that for entrants from Form 6. Given the strategy 
set out in Section 5.1 for expanding Senior High 
Schools, and the priority of universities in selecting 
intakes, all intakes to university are from Form 6 
beyond 1980.
For primary teachers' colleges, allowance is made 
for selection of entrants from Form 2 leavers in the 
years 1966 to 1971; after that date the number of 
Form 6 and Form 4 leavers are sufficient for intakes to 
tertiary institutions under all the educational 
strategies considered in this study.
116
The unit costs derived from estimates of total 
expenditure on each level of education over the period 
1966-1972, expressed in constant (1968/69) prices are 
presented in Table 5.3.
Table 5.3: Unit costs for the
Papua New Guinea education system
Institutions
RecrsF3?fe!i?tent costs 
Units: dollars
per pupil 
(1968/69 prices)
Capital costs 
Units: dollars
per additional 
pupil
(1968/69 prices)
Primary schools 4 130
Secondary schools )
Senior High Schools ) 80 925
Secondary Teachers' Colleges 
Universities | 1000 7000
Primary Teachers' Colleges ) 
Other tertiary ) 500 4000
Sources: Papua New Guinea Department of Education
Papua New Guinea Office of Higher Education
Note: The costs shown are the average for each group of
institutions for the period 1966-1972
The model can allow for any of these unit costs 
(expressed in real terms) to change over the projection 
period. The projections presented in this study have 
assumed constant costs per pupil over the period.
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CHAPTER 6 
MIGRATION
Section 6.1: Introduction
Rural-urban migration plays an important part in 
the present model. The way migration influences, and is 
influenced by, economic variables projected by the model 
has been outlined in Section 3.2. This chapter describes 
the submodel used to determine the number and characteristics 
of migrants to and from urban areas over any annual interval 
of the projection period.
The submodel distinguishes three streams of 
migration brought about by different influences, and involving 
persons with different age, sex and educational characteristics. 
The derivation of rural-urban migration of adult males in 
response to economic incentives is based on the Todaro (1969) 
model. This model, modified for application for Papua New 
Guinea, is described in Section 6.2 which shows how migration 
rates are derived from the differential between expected 
incomes in either location. Section 6.3 explains the 
determination of the movement of the dependants of adult 
male migrants. Finally, Section 6.4 deals with the derivation 
of the number and characteristics of persons returning to 
villages after retiring from urban occupations, or following 
an unsuccessful attempt to find wage employment.
The use of the present model to project rural- 
urban migration depends on a considerable number of 
parameters, described in the following sections. Two 
types of information were available: data on net migration
classified by age, sex and (separately) by education,
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derived from a comparison of the 1966 and 1971 Census of 
Population, and data on the number and composition of persons 
in wage employment over the same period.^
The parameters of the migration model have been
selected so that when they are combined with assumptions
about employers' preferences for filling job opportunities
at each skill level (set out in Section 7.3) the projected
streams of migrants are consistent with the observed net
migration over the intercensal period. A large number of
combinations of parameters are consistent with the information
that is available, so a number of arbitrary choices have
been necessary. It is expected that important additional
information will shortly be available from the Urban Household
2Survey and Village Surveys of 1974 and 1975, and these 
results will permit the replacement of some of these 
arbitrary estimates.
Section 6.2; Migration in response to economic incentives
In any year (t) of the projection period, the 
model assumes that migration of adult males (ages 15-60 years) 
to urban areas will be based on a comparison of their expected 
incomes over a time horizon (t,t+h). The model has been
1 Labour Information Bulletins, Nos 1 to 8, prepared 
by Papua New Guinea Department of Labour and Industry 
(1963-1973).
2 See Wright et al (1975).
3 It would be possible to extend the present model to 
allow for a similar migration of adult females in 
response to economic incentives. As explained in 
Section 6.3, it was felt chat a model where women 
migrated as dependants to urban areas was more 
appropriate for Papua New Guinea.
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constructed to allow different lengths for the time horizons 
of persons with different characteristics, but the projections 
presented in the study are based on an assumed time horizon 
of six years for all groups.
The expected income in urban areas for a potential
migrant in year (t) depends on the wages in urban modern
sector employment (determined by government strategy),
incomes per head of self-employed participants in the urban
informal sector, and the probability of the migrant being
employed in either type of occupation during the time horizon
(t, t+h). The probability of a migrant at (t) being in
wage employment at any time (t1) within the time horizon
is derived from the following interpretation of the urban
labour market by Todaro (1969, p.142):
...we shall picture the typical urban migrant... 
as arriving in the urban area and joining a 
large pool of unemployed and underemployed 
workers who arrived in town earlier and are still 
waiting for a modern sector job. The selection 
from this pool in each period is assumed to be 
random with the probability of selection being 
equal to the ratio of new job openings relative 
to the number of workers in this urban 
traditional sector.
Let tt (t) denote the probability of being selected 
for wage employment in year (t); that is the ratio of job 
opportunities to job-seekers in that year. Then, the 
probability p(t+l) of having a job in year (t+1) is:
p(t+l) = p(t) + [1-p (t) ] tt (t+1) (6.1)
which is the sum of the probability of being selected for 
employment at (t), plus the probability of being selected 
at (t+1)after failing to be selected at (t). This recursive 
formula can be used repeatedly to calculate the increasing 
probability of having a wage job over the interval (t,t+h).
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For the calculation of these probabilities in the 
present model, the number of job opportunities at each skill 
level in any year is derived from the growth of employment 
in the modern sectors of the economy and vacancies created 
by retirements. The growth of employment is derived from 
the growth of output in the modern sectors, allowing for the 
substitution of capital and labour in response to changes 
in factor prices. Alternative wage strategies will influence 
the pattern of migration, indirectly through their effect 
on the number of job opportunities as well as directly 
influencing income differentials.
The model also calculates the number of wage 
job seekers (classified by age, sex and educational 
qualifications) from new arrivals from villages, urban school 
leavers and others reaching workforce age, self-employed 
in urban areas and unsuccessful wage job seekers in the 
preceding year. The manner in which wage job seekers are 
selected for employment in any year, is determined by 
employers' preferences for filling vacancies by wage job 
seekers with different characteristics (as described in 
Chapter 7). The selection of persons from the pool of job 
seekers to wage employment is assumed to be random only within 
each group of wage job seekers with the same age, sex and 
educational characteristics.
Let 7T(a,e,t) be the probability of selection for 
a wage job seeker in any age and education group. A potential 
migrant is assumed to expect that the observed probability 
of selection, for persons with similar characteristics, in
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the preceding year will prevail throughout his time 
horizon (t,t+h). It follows that he takes the probability 
of being employed at any time (t1) within this interval 
to be:
p(a,e,t') = p(a,e,t'-l) + [1-p (a, e, t'-l] tt (a, e, t') (6.2)
where it is assumed that:
TT(a,e,t') = tt(a, e, t-1) , for all t' in (t,t+h) (6.3)
I
It is assumed that migrants expect to enter self- 
employment in the urban informal sector if they are not
successful in gaining wage employment. The expected income
*y^ (t1), for any year of the time horizon is then derived 
from the expected incomes in wage employment and self- 
employment :
y (a, e, t' ) = p(a,e,t')y (t ' ) + [1-p (a, e, t' ) ] y . (t ' ) (6.4)u w 1
The growth of income generated by the urban 
informal sector is derived by the submodel of the economy 
(see Section 8.6), and this income is assumed to be shared 
equally among participants. The effect of migration on the 
number of self-employed will thus affect the incentive to 
migrate in subsequent years. The expected income per head 
in any year (t') within the time horizon (t,t+h) is assumed 
to be set equal to incomes per head in the preceding year 
(yi (t-1) ) .
1 The model has been constructed so that it is possible 
to introduce alternative lags in the formation 
of expected incomes. This facility will be useful 
in any later revision of the migration sub-model 
as new information on migration in Papua New Guinea 
comes to hand.
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For most migrants, the expected income in wage
*employment y (t1 2) is the policy-determined wage for
W ]_
unskilled employees. However, the model allows for the 
possibility of migrants with higher educational qualifications 
finding employment at skilled or professional levels, 
especially in the early years of the projection period. 
Potential migrants in any age and education group are 
assumed to expect their income in wage employment (provided 
they are successful in finding employment) to be the weighted 
average wage income of job-seekers from the same group who 
were recruited at various skill levels in the preceding year. 
It is further assumed that potential migrants expect wage 
rates at (t-1) will apply throughout their time horizon.
Hence, the expected income from wage employment at any 
time (t') within the interval (t,t+h) is:
y *(a,e,t') = Zq (a,e,t-l)w (t-1) (6.5)w s s__________s_____
|q (a,e,t-1)
where: qs(a,e,t-l) is the number of persons from each
group hired to jobs at skill level (s)
2w (t-1) is the wage rate at each skill level.
1 As pointed out in Section 3.6, the wage strategies 
considered in this study allow for wage differentials 
for indigenous employees at different levels in 
different sectors, but there are no differentials for 
employees with different education or other 
characteristics in the same type of employment.
2 The strategies for wage determination allow for 
different wages to be paid to unskilled employees 
in plantations; for simplicity, this provision is 
omitted from equation (6.5).
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The present value of expected incomes in urban 
areas over the time horizon is then calculated as:
Vu (a,e,t)
t+h
{ £ y.t'=t
*(a,e,t)d(t (6 .6)
where: d is a discounting factor and
C(t) is the average cost of migration.
The discounting factor has been set to d = 0.5 for the 
projections presented, so that a comparatively low importance 
is attached to expected income by the last year of the 
six-year time horizon.
The cost of migration will differ considerably 
for migrants from different areas of Papua New Guinea.
At present the cost of a move could be a few cents for 
villages close to a town, or up to $100 for remote rural 
areas with no road access to any major centre of employment. 
As transport facilities are constantly being improved, and 
as new urban centres are established the costs of migration 
can be expected to fall; the projections presented assume 
that the average cost of migration will fall linearly, 
from $50 in 1966 to $25 by the end of the projection period.
The present value of expected incomes in urban
areas is then compared to the corresponding estimate of
the present value of rural incomes over the same time
horizon. The income y (a,e,t) of a potential migrant inr
rural areas in any year, is the sum of two components:
y (a,e,t) = y (a,e,t) + y (a,e,t) (6.7)
JL JL ill J. b
where: y is the cash income earned per participant, from
the production of export crops or food crops; 
y is the value of subsistence production per 
participant in the rural workforce.
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The determination of the growth of cash incomes
from rural smallholder production over the projection period 
is described in Section 8.2. The income per participant in 
the initial year 1966 has been estimated to be $38 p.a. 
plus an estimated $228 p.a. for the value of subsistence
subsistence production per worker is assumed to remain 
constant in the basic projection. The sensitivity of the 
basic projection to this assumption is examined in Section 12.3 
where subsistence production is assumed to decline as 
monetary incomes per worker increase.
a potential migrant is assumed to set expected rural incomes 
over each year of the time horizon (t,t+h) equal to actual, 
annual incomes at (t-1). The present value of incomes 
a potential migrant could expect if he remained in rural 
self-employment is:
where the expected income in any year is set to be:
y *(a,e,t') = y (a,e,t-l) for all t' in (t,t+h) (6.9)r r
and (as in equation (6.6)) the discounting factor d = 0.5
2in all projections presented.
1 See Treadgold (1974b), p.23.
2 Alternative settings for (d) and (h) yield different 
values for the present values of expected incomes
in both locations. The effects on both V (t) and
(t) are in almost exactly the same proportion; so
the differential, and hence the pattern of migration, 
is not sensitive to the values assigned to (d) or (h).
production per worker. As explained in Section 3.3,
In comparing rural and urban income opportunities,
t+^
V (a, e , t) = E 
r t'
(6 .8)
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The model can allow for differences in rural 
incomes according to age and educational qualifications.
It has been assumed that incomes per head increase with 
age to the extent that the incomes per head of those aged 
15-19 years, and those aged 20-24 years are 0.8 and 0.9 
respectively of the incomes per head for participants aged 
25 years and over in rural workforce. The projections 
presented in the study are based on an assumption that 
income sharing within villages will eliminate all other 
differences in incomes, including any differences by 
education. Any variations in differentials of expected 
incomes affecting migration rates by education are therefore 
due to differences in the expected urban income for persons 
with different qualifications.
The differential between average rural and urban 
expected incomes is defined as:
D(a,e,t) V (a,e,t)-V (a,e,t) u_________r_______
V (a, e,t) r
(6 .10)
While there is considerable variation in the value of 
subsistence and cash crop production per head in different 
parts of Papua New Guinea, the average expected income in 
rural areas is used as the model does not attempt to distinguish 
migrants by district of origin. The proportion m(a,e,t) 
of any age and education group to migrate is derived from 
D(a,e,t) allowing for a partial adaptation^ of migration rates 
to changes in the expected differential:
m(a,e,t) = m(a,e,t-l) + X[m*(a,e,t)-m(a,e,t-1)] (6.11)
where m*(a,e,t) represents a desired or 'target' rate
1 The use of such relationships in econometric models is 
discussed in Johnston (1963), Section 8-3, pp.211-221.
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and
of migration for a given value of D(a,e,t):
m*(a,e,t) = k (a, e, t) D( a, e, t) for D(a,e,t) > 0 ] 
m*(a,e,t) = 0 for D(a,e,t)< 0 !
(6 .12)
where: k(a,e,t) is a response factor, whose value represents
the 'target' migration rate for D(a,e,t) = 1
X is a constant; the lower the value assigned 
to X , the slower the reaction of migration rates 
to changes in income differentials.^
While the rate of migration adjusts to changes in 
income and employment levels in earlier periods, the outcome 
of the migration process influences subsequent incomes and 
employment in each location. A high migration rate in 
response to high differentials will lead to a lower probability 
of finding wage employment in towns, thus lowering the 
differential between expected incomes. The consequent fall 
in migration rates will then lead to rising employment rates 
in later years, tending to restore the differential in 
expected incomes. As a result, the projections generated 
by the model show a cyclical pattern of fluctuations in 
the rates of migration, income differentials, and the
2proportion of the urban workforce not in wage employment.
The amplitude of these cycles depends on the value of \ 
in equation (6.11). Lower values lead to increasingly
1 For any constant D(a,e,t), the actual rate of 
migration m(a,e,t) would approach the 'target'
rate m*(a,e,t) asymptotically. The speed of approach 
is determined by the value of X.
2 See Tables 11.16 to 11.18 and Chart 11.14 for the 
basic projection.
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damped fluctuations in the rate of migration in response 
to changes in income differentials; conversely, high 
values of ( X ) lead to progressively less stable reactions - 
'explosive' reactions were generated by the model for 
X >0.5. The projections presented in the study were 
generated by setting X = 0.25.
The model allows for different values to be 
assigned to the migration response parameters k(a,e,t) for 
potential migrants with different characteristics. The 
parameter values used in the projections to be presented 
were chosen so that the net effect of all migration flows 
projected by the model was consistent with the pattern of 
net migration observed over the intercensal period 1966-1971. 
Table 6.1 sets out the response factors by age group: the
same parameter values were assigned to ail males in each 
age group regardless of educational qualifications. The 
assumption, adopted in the model, of employers having a
Table 6.1: Migration response, by age groups,
to income differentials
units: for each age group, k(t) represents the proportion
to migrate in any year when the differential D(t) =1. As 
equation (6.10) shows, this would occur if expected urban 
incomes were twice expected rural incomes.
Age group k(t)
15-19 0.375
20-24 0.225
25-29 0.060
30-34 0.047
35-39 0.034
40-44 0.025
45-60 0.021
higher preference for employing wage job seekers with higher 
qualifications, means that the expected urban incomes will
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be higher for potential migrants with such qualifications.
These differences in expected income were found to be 
sufficient to explain the higher rates of rural-urban 
migration by the better educated, observed in Papua New 
Guinea and in comparable countries, without requiring any 
assumption of different response to identical income 
differentials for persons with different qualifications.^
Section 6.3: Movement of dependants to urban areas
Preliminary results from the 1974 Urban Household
2Survey indicated that most women and children had migrated 
following an earlier migration by adult males. Dependants 
followed in many cases after the head of the family had 
been able to find employment in the modern sector. Accordingly, 
the migration of dependants in the model is determined from 
the migration of adult males in response to economic 
incentives.
The total number of dependants to migrate in any
year (M (t)) is derived as follows: d
2
M, (t) = E m-,(t-x)M (t-x) (6.13)
a x = o a a
where: M (t-x) is the total number of adult males migrating3
to urban areas in response to economic incentives 
in years (t, t-1, t-2) ;
m (t-x) is the ratio of dependants migrating in 
year (t) in response to the movement of adult males 
in year (t-x).
1 The sensitivity of the projections to assigning higher 
values to the response parameters of all groups, or 
of assuming a relatively higher response by better 
educated will be investigated in Section 12.7.
2 See Wright et al (1975).
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The values assigned for m_(t-x) for the intervald
1966 to 1971 were:
m (t) =0.2d
m (t-1) = 0.7 d
m (t-2) = 0.7 d
This means that 1.6 dependants were assumed to migrate to 
towns following each adult male migrant, with 0.2 dependants 
following in the same year. As remarked in Chapter 2, the 
proportion of women and children in urban areas has risen 
markedly in recent years. It is assumed that this trend will 
continue; therefore the total number of dependants migrating 
to towns following adult male migrants is assumed to increase 
linearly from 1.6 to 2.0 from 1971 to 1980 and thereafter."*"
The age-sex distribution of dependants moving to 
towns is shown in Table 6.2. The proportions for the 
intercensal period were chosen in order to match the net 
effect of the three streams of migration derived by the 
model to the net migration to urban areas by age and sex 
indicated by the comparison of census data for 1966 and 1971. 
It has been assumed that the educational composition of 
dependants migrating to urban areas will be the same as the 
educational composition of all rural residents in the same 
age-sex group.
The age-sex composition of dependants following 
adult males to urban areas was assumed to change over the 
period 1971 to 1980, as shown in Table 6.2. This assumption 
was made as it was considered that the high rates of migration
The factors m n(t), m(t-l) and m (t-2) are all assumed d d d
to increase by the same proportion.
1
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Table 6.2: Age-sex composition of
dependants migrating to urban areas
units: proportions of migrants in each age-sex group
1966-1971 1966-■1971
Age group Male Female Male Female
0 - 9 0.11 0.07 0.09 0.09
10 - 19 0.18 0.16 0.13 0.21
20 - 40 0.05 0.19 0.04 0.25
40 + 0.12 0.12 0.09 0.10
Total by sex 0.46 0.54 0.35 0.65
of school-age boys reflected the better opportunities for 
schooling in urban up to the present time (see Section 5.2).
This motive for migration is assumed to disappear as an 
increasing proportion of rural children are to be admitted 
to primary school over the coming years in all the strategies 
for educational expansion considered in this study.
Section 6.4: Return migration
Persons moving from towns to rural areas are 
classified into two groups. This section describes the 
derivation of the number and characteristics of urban 
residents returning to villages following retirement from 
wage employment or self-employment in urban areas. The 
second group are persons who decide to return to their 
villages, rather than enter self-employment in the urban 
informal sector, following an unsuccessful attempt to find 
wage employment. The determination of the numbers involved 
in the latter type of movement is discussed in Chapter 7, 
following the description of the job—allocation submodel.
Urban residence, and more particularly wage employment, 
is a relatively new experience for Papua New Guineans.
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Wage employment in town has rarely been regarded as a
lifelong occupation. Many men who migrate to urban areas to
take up jobs in their late teens or early twenties return
to their villages by the age of thirty. Duration of
employment on plantations has generally been for two years,
corresponding to the length of the contract entered into
under schemes such as the Highlands Labour Scheme.^ The
circular nature of the migration process has been documented
2by village studies, and is supported by data on the average
length of time served in wage employment in various 
3industries.
Table 6.3 presents the assumed rates of retirement 
from unskilled wage employment for employees classified 
by age and sex. The fall in the retirement rates of young 
males in later years reflects an assumption that the average 
period spent in wage employment will gradually increase.
Ward (1971) has predicted that an increased commitment to 
wage jobs, and to urban life in general, will follow as 
employment under contract becomes less important compared 
to employment obtained following independent migration to 
urban areas.
1 See Ward (1971), pp.82-91.
2 See, for example, Oram (1967), Harris (1971), 
Salisbury (1970).
3 See Labour Information Bulletins, Nos 1-8, Papua 
New Guinea, Department of Labour and Industry (1963- 
1973).
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Table 6.3: Annual rates of retirement from
unskilled wage employment
Age group
M a 1 e s Fern a l e s
1966 1986 2006 1966 1986 2006
15 - 19 0.04 0.04 0.04 0.10 0.10 0.10
20 - 24 0.02 0.02 0.02 0.10 0.10 0.10
25 - 29 0.05 0.04 0.03 0.10 0.10 0.10
30 - 34 0.07 0.05 0.04 0.10 0.10 0.10
35 - 39 0.08 0.06 0.05 0.10 0.10 0.10
40 - 44 0.09 0.07 0.06 0.15 0.15 0.15
45 - 49 0.10 0.08 0.07 0.18 0.18 0.18
50 -.54 0.12 0.11 0.10 0.25 0.25 0.25
55 - 59 0.13 0.12 0.12 0.35 0.35 0.35
60 + 0.25 0.25 0.25 0.50 0.50 0.50
It is assumed that the average duration of employment 
will be longer for persons employed in better paid 
occupations.^ The retirement rate from skilled employment 
is assumed to be half, from sub-professional employment to 
be 40%, and from professional employment to be 33%, of the 
corresponding retirement rates from unskilled employment.
It contrast, retirement rates from self-employment are assumed 
to be 50% higher than the corresponding rate for unskilled 
employees.
1 The projections presented have not allowed for differences 
in retirement rates by education. However, persons 
with higher qualifications are generally employed in 
higher paid occupations (see, for example, Chart 11.11 
for the basic projection). Consequently, the assumption 
of different retirement rates by occupation results in 
projections indicating lower average retirement rates 
for persons with higher educational qualifications.
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Once retirements by age and sex are determined, 
it remains to calculate the proportions returning to villages 
or staying in towns. All available detailed studies of 
migration in Papua New Guinea'*' have pointed to the existence 
of circular migration patterns, and the maintenance of close 
links between migrants and those who have remained in their 
villages. The majority of indigenous wage employees expect 
to return to their villages following retirement; the 
strong traditional ties, guaranteeing security in old age, 
have not yet been replaced by any alternative provisions 
in urban areas.
Table 6.4: Proportion of persons retiring
from urban self-employment or unskilled wage 
employment who return to rural areas
(proportions are assumed to be the same for either sex)
Age group 1966 1986 2006
15 - 19 0.90 0.75 0.40
20 - 24 0.80 0.50 0.25
25 - 29 0.70 0.25 0.10
30 - 34 0.60 0.00 0.00
35 - 39 0.50 0.00 0.00
40 - 44 0.40 0.00 0.00
45 - 49 0.30 0.00 0.00
50 + 0.20 0.00 0.00
1 See, for example, Oram (1967), Salisbury (1970) 
Baxter (1972) and Gostin (1972).
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Table 6.4 shows that, in the early years of the 
projection period, a high proportion of persons retiring 
from self-employment or unskilled wage employment in urban 
areas are assumed to return to their villages. This situation 
is likely to change: in years to come, an increasing
proportion of those retiring from urban occupations will 
have been long-term urban residents and a rising proportion 
will have been born in towns. Accordingly, the proportions 
returning to villages after retirement are assumed to fall 
as shown. In addition, the proportions of return migrants 
are likely to be smaller for persons retiring from higher 
skilled employment. It has therefore been assumed that the 
proportion for skilled workers is two-thirds, for sub­
professional a quarter, and for professional one-tenth, 
of the corresponding proportion of those retiring from 
unskilled positions. Finally, persons retiring to villages 
are assumed to be accompanied by an equal number of 
dependants.
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CHAPTER 7
ALLOCATION OF THE WORKFORCE
Section 7.1; Growth of the workforce
The preceding chapters have described the 
projection of the size of the population and its composition 
by age, sex, education and location. This chapter deals with 
the submodel used to project the population by workforce 
status, according to the following classification:
- participants in the workforce
in wage employment 
professional 
sub-professional 
skilled 
unskilled
not in wage employment 
self-employed 
unemployed
- non-participants in the workforce
attending educational institutions
other dependants
The numbers and characteristics of the persons 
attending educational institutions in any year of the 
projection period are calculated in the submodel of the 
education system described in Chapter 5. The size and 
composition of the workforce is then calculated from the 
remaining population in either location, using labour force 
participation rates. Participation rates for each age-sex 
group in either location in the initial year are taken from 
the 1966 Census of Population (see Table 4, Appendix 1),
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adjusted to allow for an assumption that participation rates
are higher for persons with higher qualifications."*’ These
labour force participation rates are assumed to remain
constant throughout the period. However the average
participation rate for any age-sex group may vary according
to changes in the composition of the population by location
2and educational qualifications.
All participants in the rural (i.e. village)
3workforce are assumed to be self-employed. No distinction 
is made in the model between those self-employed in 
smallholder agriculture (producing food or export cash crops), 
small-scale village industries or subsistence activities.
The allocation of the urban workforce is more 
complex. The number of persons (classified by age, sex and 
education) remaining in wage employment from the preceding 
period is derived from exogenously determined retirement 
rates, as described in Section 6.4. All the remaining 
members of the urban workforce are assumed to be wage job 
seekers. These may be grouped into the following 
categories:
1 Labour force participation rates have been assumed 
to be zero for all persons under 15 years.
2 The time paths of participation rates by sex in the 
urban and total populations according to the basic 
projection are shown in Table 11.19.
3 There is some wage employment in rural areas (e.g. 
teachers in village primary schools), but as these are 
mainly recruited in urban areas and posted to villages 
they are regarded as part of the urban workforce in 
this study. Plantations are treated as urban (or 
non-village) areas (see Section 3.2 ).
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(a) persons remaining in self-employment from the 
preceding period (as projected in Section 6.4);
(b) unsuccessful wage-job seekers in the preceding year 
who decide to remain in urban areas (see Section 7.4);
(c) school-leavers and tertiary graduates entering 
the workforce (see Section 5.2);
(d) others (mainly persons reaching 15 years of age) 
who were resident in urban areas but not 
participating in the workforce in the preceding 
year;
(e) new arrivals from villages (see Sections (6.2) 
and (6.3) .
The submodels mentioned above derive the age, sex 
and educational characteristics as well as the number of 
job seekers in each of these categories. The rest of this 
chapter describes the determination of the number recruited 
to wage employment from each group, the skill level at 
which they are employed and the assignment of those who fail 
to find wage employment into self-employed or unemployed.
Section 7.2 derives the growth of job opportunities 
to be filled at each skill level from the demand for labour 
generated by the growth of the modern sectors of the economy, 
allowing for retirements and promotions. The allocation of 
these job opportunities between indigenous wage job seekers 
with various characteristics or expatriates is determined 
according to employers' preferences, as described in 
Section 7.3. The final Section 7.4 deals with the choices 
available to those who are not selected for wage employment.
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Section 7.2: Opportunities for wage employment
The growth of employment at each skill level 
in government service, plantations, modern industry and the 
major natural resource based projects is described in 
Chapter 8. The number of job opportunities to be filled in 
any year of the projection period is the total demand for 
labour at each skill level, less the number of indigenous 
and expatriate employees retained from the preceding period.
It is assumed that a minimum proportion of expatriates 
employed at each skill level in the previous year are 
retained. These minimum proportions are set out in Table 7.1.
As explained in Section 7.3 below, the actual proportion 
retained may be higher if there are not sufficient suitable 
indigenous wage job seekers to fill job opportunities, 
especially at the higher skill levels.
Table 7.1; Minimum proportions of 
expatriates retained over any annual interval
Skill level Proportion
Unskilled 0.20
Skilled 0.50
Sub-professional 0.67
Professional 0.75
The number of indigenous employees retained at 
each skill level is derived from the retirement rates 
which differ for employees in each age and sex employed 
at various skill levels. Allowance is also made for two 
alternative methods for the promotion of indigenous 
employees across skill levels.
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The first type of promotion, concerning experienced 
employees irrespective of formal qualifications, was 
commonly followed in the early years of the projection leading 
up to independence in 1975. There continues to be strong 
political and economic pressure for rapid localisation of 
the upper level jobs in the modern sectors despite the 
shortage of indigenous personnel with higher formal 
educational qualifications. It is assumed that such 
promotions occur at the rates presented in Table 7.2.
The rates of promotion are allowed to decline over time
Table 7.2: Proportions of indigenous
employees promoted annually
Promotions Percentage 1966 1986-2006
unskilled to skilled 1.80 0.10
skilled to sub-professional 4.00 0.10
sub-professional to professional 2.50 0.15
Note: a linear rate of decline is assumed in each case
from 1966 to 1986 .
as the number of Papua New Guineans with higher qualifications 
increases relative to the growth of job opportunities at 
higher skill levels. The settings for 1966 to 1971 have 
been chosen so that (when combined with the pattern of 
retirements and employers' preferences for recruitment) 
projections by the model correspond to the changes in the 
composition of wage employment by race and education observed 
over that period.'*'
1 Information regarding these changes is available in
(unpublished) data on employment gathered annually by 
the Papua New Guinea Department of Labour and Industry. 
The patterns of change generated in the basic projection 
by the model are shown in Chart 11.11.
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The second type of promotion concerns those persons 
whose educational qualification makes them eligible for jobs 
at some higher (e.g., professional) skill level, but who 
were forced into lower level positions in some previous 
year when there was an excess supply. It is assumed that any 
such persons are promoted to higher skill levels in any 
subsequent year when the number of vacancies at this level 
exceeds the number of indigenous job seekers with suitable 
qualifications.
When provision is made for promotion across skill 
levels, the number of job opportunities to be filled on any 
level depends on the pattern of recruitment at higher levels, 
described in the following section.
Section 7.3: Recruitment by skill levels
This section describes how wage job seekers with 
various characteristics are recruited to fill job opportunities 
according to employers' preferences for hiring persons with 
different age, sex and educational qualifications. Vacancies 
are filled by taking each skill level in turn, starting 
with professional positions.
A simple way to allow for employers' preferences 
in a simulation model would be to assign different places 
in the queue for employment to persons with different 
characteristics, so that members of some groups were always 
selected ahead of members of other groups: for example all
male job seekers ahead of any women, or all university 
graduates to be hired before graduates from other institutions 
were considered. Such selection criteria were felt to 
be unrealistic. The submodel to allocate job opportunities, 
designed for this study, makes provision for employers 
preferences to be expressed in a less absolute manner.
141
Employers are assumed to follow a preferred 
composition of their new intakes in each year as closely 
as possible, given the composition of job seekers by age, 
sex and educational qualifications. The desired composition 
is expressed in terms of a set of parameters z(a,s,e), 
such that:
o<z(a,s,e)^l for all groups;
and E z (a, s ,e) a , s , e 1
(7.1)
The use of these parameters is illustrated by 
the following numerical example. Suppose that there are six 
groups of applicants for professional positions: the
assumed numbers of job seekers are shown in column 1 of 
Table 7.3. The second column shows the preferred composition 
of recruits in any year, expressed in terms of z-parameters. 
The zero preference parameters assigned to primary school 
leavers indicates that such persons are not considered 
eligible for professional positions.
Columns 3 to 5 show three examples of the pattern 
of recruitment depending on the number of vacancies to be 
filled. In the first example, the number of vacancies to 
be filled exceeds the total number of wage job seekers 
considered eligible. All eligible candidates are then 
hired irrespective of employers' preferences, and the 
remaining vacancies are filled by expatriates. In the 
other examples, the number of eligible job seekers exceeds 
the number of vacancies: in these situations jobs are
filled so as to reflect employers' preferences as closely 
as possible, provided none of the groups are exhausted.
If there were sufficient candidates in each of 
groups 3 to 6, then the vacancies would be filled by recruiting
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job-seekers from each in proportion to the preference weights. 
Five per cent of vacancies would be filled by recruits from 
group 3; 10% from group 4, etc. However, there are no
job-seekers aged 15-19 with university qualifications, so 
the employers' preferences cannot be followed exactly. In 
the second example, the 85 vacancies are allocated between 
the remaining groups (3, 4 and 6) in the ratio of their 
preference parameters; that is in the ratios of 5:10:70.
In the third example, although there are enough 
eligible candidates (in groups 3, 4 and 6) to fill all 
250 job opportunities, there are not enough university 
graduates, aged 20-24 to allow vacancies to be filled 
according to the ratios of the z-parameters. In this case, 
all applicants from group 6 would be hired and the remaining 
150 job opportunities are allocated between groups 3 and 
4 in the ratio 50:100.
In the submodel used to allocate professional 
positions, allowance is made for job seekers with any age, 
sex and educational qualifications. Employers are assumed 
to have preferences z(a), z(s), z(e) expressed in terms of 
each of these three separate characteristics.^ The preference 
patterns, expressed in these terms, used to allocate 
professional jobs are shown in Table 7.4. The settings were 
selected so that (when combined with the pattern of 
retirements, the growth of job opportunities and the
1 It is assumed that employers do not express preferences 
between job-seekers from different sources, e.g. that 
job seekers previously in urban areas are preferred to 
new arrivals from villages (or vice versa). All wage 
job seekers with given age, sex and education are 
assumed to have an equal probability of being recruited 
to wage employment.
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composition of wage job seekers) the changing composition 
of the workforce in wage employment corresponded to available 
data on observed changes.^ The declines in preference 
weights by education reflect the raising of minimum 
qualifications for acceptance to professional jobs as
2graduates with higher qualifications become available.
Table 7.4: Preference patterns for recruitment
to professional wage employment^
Preference weights by Preference weights by 4sex (z(s))
age (z(a)) (constant
over projection period) male 1.000
15-19
20-24
1.000
1.000
female 1.000
25-29 0.500 Preference weights by education (z(e))
30-34 0.167 1966 1971 2006
35-39 0.083 Univ. graduates 1.000 1.000 1.000
40-44 0.050 Other tertiary 0.200 0.000 0.000
45-49 0.025 Secondary 0.050 0.000 0.000
50 + 0.000 Others 0.000 0.000 0.000
1 See note 4 below.
2 This process whereby employers raise their standards
to use educational qualifications as a rationing 
device for allocating scarce jobs has been remarked 
on by many authors (see, for example, Callaway (1963) 
and Rado (1973) ). Such a trend has also been observed 
in Papua New Guinea: see Conroy (1974), pp.50-54.
3 Weights in each column are relative to the first entry 
(=1) in each case. The actual parameter values (z(a,s,e) 
are derived from these according to equation (7.2).
4 No preference by sex is expressed at this level, see 
however Tables 7.5 to 7.7.
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The preference parameters z(a,s,e) used to allocate 
vacancies are calculated as:
z (a) . z (s) . z (e)z(a, s, e)
£ z (a) . z ( s) . z (e) a , s , e (7.2)
so that Z z(a,s,e) = 1 a, s, e
The general method for allocation of wage jobs 
according to these parameters, illustrated by the above 
numerical examples, may be stated as follows:
Let w be the number of job opportunities to be filled at
the professional level, after allowing for retirements 
and any promotions of experienced indigenous personnel 
irrespective of formal qualifications (i.e. the first 
kind of promotion described in the preceding section);
q(a,s,e) be the number of wage job seekers with given 
age, sex and educational qualifications;
q'(a,s,e) be the number of job seekers recruited 
from each group.
The number of job-seekers eligible to fill 
vacancies at this level is:
w' = i {q(a,s,e); where z(a,s,e)>o} (7.3)
a, s, e
If w'< wso that there are not sufficient 
eligible candidates to fill all vacancies, then all such 
job-seekers are hired:
q* (a,s,e) = q(a,s,e) provided z(a,s,e)>o (7.4)
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In such a situation, any indigenous personnel with 
acceptable qualifications employed in lower level wage jobs 
are promoted to professional positions (the second type of 
promotion described in the preceding section). If these 
promotions are not sufficient to fill the gap (w-w‘)
(see equation 7.3), then the remainder of the gap is assumed 
to be filled by expatriate employees. In this way, the 
model is able to trace the progress towards the replacement 
of expatriates as an increasing number of Papua New Guineans 
emerge from the education system with qualifications 
acceptable for employment at higher skill levels.
If the number of eligible applicants exceeds 
the number of job opportunities, then vacancies are filled 
to reflect the ratios of preference parameters as closely 
as possible provided no group is exhausted. Provided w’>w 
it is possible to select a number w* > w such that:^
q' (a, s, e) = min [z (a, s, e) w*, q(a, s,e)]
and (7.5)
E a' (a, s, e) = W a, s, e
Some groups of wage job seekers are exhausted, 
while the numbers selected from groups where candidates are 
not in short supply reflect the ratios of the z-parameters 
for those groups.
After vacancies at the professional level have 
been filled, the number of job opportunities at the lower
1 The computer program is designed to select such a 
number w*>w through an iterative procedure.
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levels are adjusted for any promotions to professional jobs. 
The number of job-seekers in any age, sex and education 
group is reset to the number who were not selected to 
professional positions, less those who prefer to remain 
unemployed rather than seek employment at a lower level.
The derivation of the number and characteristics of any 
persons who become 'educated unemployed' in any year is 
described in the next section.
Once the number of job opportunities and the 
number and characteristics of indigenous wage job seekers are 
finalised for successively lower skill levels (professional 
to unskilled), the procedure for recruitment follows the same 
pattern, but allowing for different sets of preference 
patterns at each level as shown in Tables 7.5 to 7.7. These 
patterns also reflect the raising of minimum standards 
for entry, and also a decline in the strong preference for 
employing males. Such an evening out of employment 
opportunities by sex is presumed to follow from the 
government's expressed aim to promote active and equal 
participation of women in all types of economic and social 
activity.
Section 7.4: Unsuccessful wage job seekers
It remains to explain what happens, in terms of 
the model, to those who are not recruited to wage employment 
at particular skill levels. The first part of this section 
deals with those who are not selected at the higher levels 
(professional down to skilled) of employment. Such persons 
have a choice to remain unemployed in the hope of subsequently 
being selected for such a job, or to seek employment at 
the next, lower level. The choice is assumed to be based 
on a comparison of expected incomes, taking into account the
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probability of finding employment at either level. The 
second part of this section considers the allocation of those 
who are not selected for wage jobs at any level.
If vacancies at any level cannot be filled by 
job-seekers considered eligible or by promotions, then 
expatriates are recruited to fill the gap. On the other 
hand, some long-term strategies for education may result in 
a stock of highly educated manpower in excess of the demand 
for higher skills, so some eligible job seekers may not 
be recruited.
The number of persons (with various qualifications) 
not selected for employment at the professional level who 
remain unemployed, rather than apply for jobs at the 
sub-professional skill level, is derived through a comparison 
of the present value of expected incomes in either occupation 
over a time horizon of ten years. This calculation takes 
into account the differences in wage rates by skill level, 
and the higher probability'*' of finding employment at 
successively lower levels. The derivation of the present 
value of expected income is analogous to the derivation of 
the expected income in urban areas for potential migrants, 
based on the Todaro (1969) model, so the details of the 
calculations need not be repeated.
For any job-seekers with given age, sex and
educational qualifications, let V (a,s,e) and V (a,s,e)p sp
be the present values of expected incomes at the professional 
and sub-professional level in any year, based on the observed
This follows from the assumed preference of employers 
for persons with higher educational qualifications at 
each skill level. Moreover, there are generally more 
jobs to be filled at successively lower levels.
1
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probability of employment for persons with similar 
characteristics. The number who remain unemployed is 
calculated as follows:
V (a,s,e) - V (a,s,e)
let d (a,s,e) = ^ _______ (7.6)
P V (a,s,e)sp
represent the differential in expected wage incomes between 
professional and sub-professional employment. If the 
differential is negative, then it is assumed that all those 
not selected for professional jobs seek to enter sub­
professional employment rather than remain unemployed. If 
the differential is positive, the proportion of unsuccessful 
job seekers at the professional level to remain unemployed 
is set to be:
q_(a,s,e) = maxta.D (a,s,e),ß] (7.7)2 p
where a =0.8, 3 = 80% in the projections presented. The 
proportion increases as the differential increases, but 
some unsuccessful job-seekers are always assumed to be 
willing to accept jobs at the next lower level.
The number and characteristics of 'educated 
unemployed' who are hoping to find jobs at the professional 
level are derived by repeating such a calculation for each 
group of job seekers classified by age, sex and education. 
The number and composition of those available for selection 
at the next lower level is determined as a residual. These 
calculations are repeated at the sub-professional, then at 
the skilled level. Section 9.2 explains how the basic 
strategy for the reduction of wage differentials by skill 
level is linked to the emergence of 'educated unemployment' 
at any of these levels.
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After all job opportunities have been allocated, 
there may be some wage job seekers who were unsuccessful 
in gaining employment even at the unskilled level. These 
persons have a different choice: they can remain unemployed
or they can enter self-employment in either location.
The self-employed in towns range from transport 
contractors earning high incomes to petty traders working 
intermittently to earn incomes that are very low in comparison 
to the minimum wage in modern sector employment. The 
classification of the workforce in the present version of 
the model is not sufficiently detailed to distinguish 
between various types of self-employment. It is further 
assumed that only those unsuccessful wage job seekers who 
have a very good chance of gaining employment in subsequent 
rounds of recruitment remain 'openly' unemployed. The 
remainder are assumed to engage in some income earning 
activities while continuing to be available for recruitment 
to wage employment. If the urban workforce expands faster 
than the growth of employment opportunities in the modern 
sectors, other income-earning opportunities may also become 
increasingly scarce and progressively less lucrative.
In time this trend may slow the growth of the urban workforce 
by reducing the incentive for rural-urban migration. It 
also means that there is very little difference between 
'open' unemployment and some sporadic involvement for small 
returns in the informal sector. Accordingly, the comparison 
of the effects of alternative strategies on the composition 
of the urban workforce will be in terms of differences in 
the proportion of the urban workforce in or out of wage 
employment. No emphasis is placed on the distinction 
between self-employment and unemployment.
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In view of these remarks, the allocation of 
wage job seekers not selected at the unskilled level 
proceeds as follows. Those who were previously self-employed 
in urban areas are assumed to remain self-employed while 
continuing to be available for recruitment to wage employment 
in the following year. Of the other unsuccessful wage job 
seekers, some are assumed to remain unemployed in urban 
areas, while the rest enter self-employment in either 
location. The decision is assumed to be based on the 
proportion of persons with similar attributes who were 
selected for wage employment in the current year.
The probability of becoming employed in successive
rounds of recruitment can be calculated from these
proportions.^ In the basic projection, it is assumed that
the number of persons who remain 'openly' unemployed, is
the number who expect to be employed by the end of the
following year. The probability of finding employment
2increases over longer periods of unemployment. Section 12.7 
considers a projection where it is assumed that all those 
who expect to be employed by the end of three more years 
remain unemployed. The comparison to the basic projection 
will indicate the effect of assuming a longer waiting time 
in employment on the proportion of unemployed in the urban 
workforce.
1 The probability of finding wage employment will be 
higher for wage job seekers with comparatively high 
preference parameters (z(a,s,e)) for recruitment
to unskilled jobs. As a result, the model shows that 
the better educated are more likely to remain 'openly' 
unemployed rather than enter self-employment.
2 This follows from the recursive formula shown in 
equation (6 .1) .
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Finally, it is assumed that wage job seekers 
from urban areas who decide to enter self-employment join 
the urban informal sector. Unsuccessful wage-job seekers 
who are new arrivals from rural areas and who decide 
not to remain unemployed are assumed to return to self- 
employment in the rural workforce.
This completes the description of the submodel 
used to allocate the population by workforce status.
The different probabilities of finding wage employment 
for persons with different characteristics can be estimated 
from the outcome of this allocation. Incomes per head 
in urban self-employment are also influenced by the 
composition of the urban workforce, and both these variables 
affect the subsequent pattern of rural-urban migration as 
outlined in Chapter 6.
This chapter also completes the outline of 
the four submodels used to derive changes in the size and 
composition of the population. The three chapters that 
follow will explain the derivation of changes in the 
economic variables, such as the growth of wage employment, 
that were seen to be important influences in determining 
changes in the population.
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CHAPTER 8
PRODUCTION AND EMPLOYMENT
This chapter describes the determination of 
production, employment and the allocation of income from 
each of the nine sectors of the economy considered in this 
study. The main distinguishing characteristics of the 
sectors have been set out in Table 3.1.
Section 8.1; The subsistence sector
The term subsistence sector refers to production 
by villagers of their own needs, without the use of hired 
labour or capital goods bought from outside. Currently, 
most such goods and services are produced and distributed 
outside the monetary sector; any trade among villagers 
is mostly by barter. In the course of time, a gradually 
increasing proportion of subsistence output will be exchanged 
using money within the villages. However, such a process 
of monetisation will not affect the essential characteristics 
of subsistence production as defined above. This 
assumption allows us to project the growth of subsistence 
production separately from the growth of the monetary sector.
While the value of subsistence sector production 
does not decline as a result of monetisation, a decline 
may result from the substitution of monetary sector products 
for goods previously produced on a subsistence basis, for 
example tin roofs for thatch, or the diversion of land 
from subsistence production to increase the output of cash 
crops for export. In the basic projection, it is assumed 
that subsistence income per head of the rural workforce 
remains constant at $228 per worker (at 1968/69 prices),
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as estimated by Treadgold (1974b). Alternatively, subsistence 
incomes per worker may be assumed to decline as monetary 
incomes increase. The implications of such an assumption 
are considered in Sections 12.3 and 14.2.^ " The total of 
subsistence and money incomes per head projected by the 
model is then assumed to influence rural fertility rates 
and the rate of rural-urban migration, and to have an 
indirect effect on the economy through changes in the 
pattern of consumption and investment out of rural incomes. 
These relationships are discussed in Sections 4.3, 6.2 and 
9.4 respectively.
Section 8.2: Smallholder agriculture
As explained in Chapter 3, agricultural production 
in the monetary sector economy is classified into three 
sectors (see Table 3.1). Plantations produce export crops 
to be sold for cash in domestic markets as well as export 
crops. Smallholder agricultural production is assumed to 
require working capital, but no wage labour is used and 
income is shared among all participants, allowing for 
differences in incomes per head according to age (see 
Section 6.2).
It is assumed that all of Papua New Guinea's 
production of export crops can be sold at exogenously
1 It is possible to extend the model to allow for a
decline of subsistence production per head as rural 
population increases. However, the study does not 
consider projections that allow for this effect, given 
the present low average density of population on 
arable land.
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determined world market prices. The projections included
in this study assume that the average price of export
crops will remain constant, in real terms, at the level
2recorded in 1971. Some of the projections presented in
later chapters indicate a rapid growth of smallholder
production of food for domestic urban markets. However
the level of output does not reach the limit set by the
growth of demand, which is determined by the growth of
personal incomes (see Chapter 9), and any excess demand
3for food is met by imports.
Turning to consider supply constraints, it was 
explained in Section 2.2, that there are unused reserves 
of land and labour in most rural areas of Papua New Guinea. 
Accordingly, the growth of smallholder cash crop production 
is determined in the model by the accumulation of working 
capital out of rural savings supplemented by government 
lending. The initial ratio of capital per unit output in 
both smallholder sectors is set to be 1.13, which is
1 See Section 3.3.
2 Simulations of random, or cyclical, fluctuations 
around a trend are not interesting from the point
of view of long-term strategy formation. Such fluctuations 
should be dealt with by short-term stabilisation 
policies. The model has been designed to consider 
the implications of a long-term divergence of export 
crop prices from the average prices of food and 
industrial products imported by Papua New Guinea.
Allowance is made for the allocation of investment 
between the two smallholder sectors to respond to 
relative prices. However the effects of such long-term 
price changes are not presented in this study.
3 If the limit were to be reached, the model can allow 
for investment to be transferred away from food to 
export crop production.
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two-thirds of the capital/output ratio in the plantation 
sector in the base year. It is assumed that, given the 
relative abundance of labour, production would be less 
capital intensive on smallholdings. On the other hand, it 
is assumed that the capital goods used on smallholdings are 
less durable than capital used on plantations, so the rate 
of depreciation has been set to be 12%, or four times the 
rate of depreciation of capital in the plantation sector.
The model makes allowance for increases in the 
productivity of capital resulting from improvements in the 
educational composition of the rural workforce, and 
increased provision of rural infrastructure by the 
government, as follows:
Let r be the capital/output ratio in year (t) 
The decline of this ratio over any annual interval is 
derived as:
e+_ g.
t+1 (8.1)
't+1 t+1
where: e^ is an index of the productivity change due
to education, and g^ _ is an index of improvements 
in productivity effected through increased 
provision of infrastructure.
et Ip eq qq u m (8.2)
where: p are the proportions of the rural workforceq
with educational qualifications q (see Table 8.1).
I
e are the levels of productivity associated withq
higher qualifications relative to the productivity 
of those with less than primary education completed.
IThe assumed settings for e used in the basicq
projection are shown below.
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Table 8.1; Relative productivity by education: 
smallholder agriculture
Educational qualifications (q)
No formal qualifications 
Primary education completed 
Secondary education completed 
Tertiary education completed
q
1.0
1.1
1.2
1.2
q , = q, + g, 1 G ^/d ,yt+l yt ^t Rt wt (8.3)
where: G is the current year's expenditure on theRt
provision of rural infrastructure 
d is the ratio of the average real wage at 
(t) to the average real wage in 1968/69 . The use 
of this 'deflator' means that the productivity 
effects of the provision of infrastructure by the 
government are not influenced by changes in wage 
rates.
g ' relates the rise in productivity to the 
provision of infrastructure. This coefficient is 
assumed to decline from 0.00005 to 0.00001 over 
the period. This decline represents an assumption 
of diminishing returns of productivity to government 
expenditure.
It was necessary to select arbitrary values for 
these parameters. The relationship between productivity, 
education and infrastructure are generally recognised, but 
have not been quantified in Papua New Guinea or comparable 
countries. The values chosen yield a gradual steady decline 
of the capital/output ratio in the basic projection, from
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1.13 to 0.96, an improvement in productivity of 16.5% 
over forty years. Two-thirds of this improvement is due 
to increased provision of infrastructure over the course 
of the basic projection, with the remainder attributed 
to improvements in the educational composition of the rural 
workforce. The sensitivity of the projections to 
alternative assumptions about productivity of capital in 
smallholder agriculture is considered in Section 12.6 and 
Chapter 16, where alternative strategies for the expansion 
of the education system are compared.
The growth of output is then determined from 
the accumulation of capital, which is in turn calculated 
from the growth of rural incomes. Replacement investment 
is financed from the sale of smallholder output. Net 
investment is financed from savings out of rural disposable 
incomes and by government lending. The determination 
of disposable incomes from smallholder agriculture as 
well as other sources, and the calculation of the proportion 
allocated to net investment in smallholder agriculture will 
be described in Section 9.4. Investment financed by savings 
of smallholders is allocated to either food or export cash 
crop production in the proportion of net incomes from either 
sector in the preceding year.^
1 Allocating replacement and net investment in this
manner allows the relative growth of these smallholder 
sectors to respond to changes in the relative prices 
of food and export crops, or to any selective tax, 
such as export tax levied on either sector. The 
derivation of the net income from smallholder 
production is presented at the end of this section.
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The volume of lending by government to finance 
additional net investment in smallholder agriculture is 
determined as a proportion of net investment financed by 
the smallholders. Alternative strategies for lending are 
then expressed in terms of alternative time paths for this 
proportion. The basic strategy choice specifies a gradual 
increase in the proportion of loans to total net investment, 
rising from less than 5% in the base year to 33% by 1984 
and staying at that proportion for the rest of the projection 
period. Smallholders are to repay these loans at 7.5% 
over a period of fifteen years.^ The model makes provision 
for the allocation of loans to influence the composition 
of smallholder production. In the initial years, loans are 
allocated approximately in proportion to production in 
these sectors, so only 20% of loans are used to finance 
investment in food production outside the subsistence sector. 
In line with a policy of self-reliance which seeks to 
reduce reliance on imports of food, the proportion of loans 
going to food producers is assumed to rise to 50% by 1988.
Value added in smallholder agriculture is 
calculated from total production, allowing for exogenously 
determined changes in export prices and subtracting the 
cost of intermediate inputs of industrial products.2 
The contribution of the smallholder sectors to total rural
1 These terms have been selected to be representative of 
a broad range of conditions under which loans are made 
to smallholders. See Papua New Guinea Development 
Bank, Annual Report (1974).
2 The input-output coefficients, assumed to be the same 
for both smallholder sectors, are based on Parker (1973), 
presented in Table 9, Appendix 1.
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disposable incomes is value added, less allowance for 
depreciation of capital, repayments on past loans and any 
export tax. No export tax is levied in the basic strategy 
combination; the impact of such a tax is considered in 
Section 14.3.
Section 8.3: Plantations
The projections considered in this study are 
based on a government strategy under which no new net 
investment takes place on plantations beyond 1976.
According to the stated objective of increasing the 
proportion of the economy under domestic control, foreign 
capital in plantations is replaced at the rate of $5 million 
per year so that the plantation sector is wholly domestically 
owned by 2000. A small share of savings out of rural incomes 
is assumed to be allocated to acquire a share in the plantation 
sector. In the years when this amount is less than the 
disinvestment by foreigners, the balance is acquired by the 
government. « Once all foreign ownership is eliminated, the 
investment out of private incomes is used to acquire some 
of the government's share in the plantation sector/
The time paths of employment and value added in 
the plantation sector are then derived from the stock of 
capital, allowing for changes in relative factor prices 
according to a constant elasticity of substitution (c.e.s.) 
production function.
"A 2general form of such a production function is:
1 The changing ownership of the plantation sector in the 
basic projection is set out in Chart 11.2. The model
can be used to explore alternative assumptions concerning 
the growth and ownership of the plantation sector, but 
such alternatives have not been considered in this study.
2 See Brown (1966), Appendix A, pp.192-6.
(8.4)X = Y kK a+(l-K)L ]-v/a
where X is value-added 
Y is a constant,
a= -^-Q- where a is the elasticity of substitution between
capital K and labour L, assumed not equal to 1. 
k is a measure of capital intensity, and 
v is degree of homogeneity of the production function 
indicating the nature of the returns to scale.
As there is no data available to indicate the factor 
intensity or the economies of scale, it is assumed that 
k= 0.5 and v=l. When a=l, the production function is a Cobb- 
Douglas function.
Given such a production function, the capital/ 
labour ratio is derived from relative factor prices as:
K = (W)0 (8.6)
L r
where: w and r are the annual costs per unit of labour and
capital respectively.
A number of definitions are required in order to 
describe the role of such a production function in the 
present model:
Value added is to be derived as a function of 
'efficiency units' of labour and capital,"^ in order 
to allow for changes in the productivity of labour 
and capital. The 'efficiency' units are expressed 
as:
Lt = xtLt (8-7)
and K*t =
where: the factors x t and y are indices of productivity
of labour and capital, whose initial values are
x = y = 1 .  The derivation of subsequent changes o J o
1 The use of this terminology is taken from Kelley et al 
( 1972) .
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is presented in equation (8.10);
K is the capital stock;
L is the total labour force employed in the 
plantation sector.
The proportions of the labour force employed at 
each skill level in 1966 and 1971 are taken from Papua 
New Guinea Manpower Planning Unit (1969) and (1974). The 
estimates for 2006 are set out in Table 8.2; the proportions 
are assumed to change linearly between 1971 and 2006.^
Table 8,2: Composition of the labour force
on plantations
Skill level 1966 1971 2006
1. Unskilled .968 .963 .899
2. Skilled .024 .025 .056
3. Subprofessional .007 .009 .029
4. Professional .001 .003 .016
TOTAL 1.000 1.000 1.000
The total number of persons to be employed is
derived from the production function, using an estimate of
the average wage per employee (W );
I lskills st estwest+ ^  est^Wist^ (8.8)
where: L are the proportions employed at each of the 
four skill levels;
1 As explained in Section 3.3, a gradual increase in the 
proportions in higher skill is assumed in plantations, 
modern industry and the government sector.
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e is the proportion of expatriates employed st !
at each skill level;
W and W. , are the wage rates, determined by est ist
government strategy for expatriate and indigenous 
employees at that skill level.
The corresponding cost per unit of capital is
expressed as: 
r. rit + r2t + r3t + r4t (8.9)
where: r is the international rate of interest, set
to be 4% (real rate of interest) for the projections 
to be presented ;
r is the profit margin permitted by government
strategy. As explained in Section 3.6, alternative
strategies for the taxation of profits is expressed
2in terms of alternative time paths of r •
r is the rate of tax calculated according to 
this strategy choice;
r is the rate of depreciation, assumed to be 3% p.a. 
for the plantation sector.
It remains to define the indices x^, and y^ _, 
that specify the relative improvements in the productivity
1 The proportion of expatriates employed at each skill 
level is assumed to be the same for all sectors (other 
than teaching) relying on wage employment. The 
proportion is derived, as described in Chapter 7 , from 
the demand for manpower by skill level and the supply
of Papua New Guineans emerging from the education system 
with appropriate qualifications.
2 The basic strategy for the profit margins permitted in 
plantations, modern industry and the major natural 
resource based projects is set out in Section 10.2.
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of labour and capital from the base year to year (t):
(8.10)
Increases in productivity are derived from the 
government provision of rural infrastructure G (adjusted
to allow for changes in wage rates: see equation (8.3) ).
The factors g^ __ ' and g 1 are assigned equal values, so 
that the productivity of both factors rises at the same 
rate:
reflects diminishing returns of productivity to government 
expenditure. The values have been set to yield a 20% increase 
in the productivity of both factors, given the basic strategy 
for the provision of infrastructure.
Using these definitions of terms, the forms of 
the c.e.s. production used in the model become:
g = .000100 for t = 1967
= .000025 for t = 2006
The assumed (linear) decline of these factors
x a = A[ (xL) a + (yK) a]
(8.11)
a
This form of the production function was fitted
to estimates for X, L, w and r available for the base 
year, in order to fix the values
ö = 1.01
K = 71.5 (= 2.38 X ) ($'million)
The indices of productivity are defined to be
x = y = 1 in the base year. o o
1
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for the elasticity of substitution and the initial value of 
the capital stock. The elasticity of substitution is assumed 
to remain constant over the projection period. The stock of 
capital was estimated to increase to $103 million by 1976, 
in order to be consistent with the estimates of X, L, w, 
r, x, y and a from 1966 to 1976. Thereafter, the stock 
of capital remains constant according to the basic strategy 
combination, and equations (8.11) are used to derive
and L from K , the derived values of and y. , the t t t t t
estimate of o and the values for w, and r determined byt t
government strategy.
The allocation of value added is carried out in 
several steps. The number of persons employed at each skill 
level is derived from the production function, and from 
the skill proportions set out in Table 8.2. The wage bill 
for indigenous and expatriate employees is then derived 
from the government-determined wage rates and the proportions 
of expatriates employed at each skill level. Next, 
allowance is made for depreciation of capital. The rate of 
tax levied on the remainder is then calculated to yield 
a specified rate of return on capital. Finally, profits 
after tax are distributed as dividends according to the 
shares of ownership held by government or private (domestic 
or foreign) owners.
Section 8.4: The government sector
The range of strategy options through which government 
decisions influence the nature of the projections was set 
out in Chapter 3. This section is concerned only with the 
direct effects on employment and income generated by the
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provision of education and infrastructure by the 
government.
The time path of the number of teachers to be 
employed is derived from the choice of strategy for the 
expansion of the education system. The details of this 
derivation are set out in Chapter 5, together with the 
derivation of the associated demand for goods and services 
from the industrial sector.
Strategies for the provision of infrastructure
are expressed in terms of the number of public servants
to be employed, and the demand for goods and services per
employee. The projections in the thesis assume that the
ratio of goods and services to employment remains constant
2at the ratio of $3m per 1000 persons employed. The model
could also be used to explore alternative assumptions where
3this ratio is allowed to change over a long-term period.
The composition of employment by skill level is set out in 
Table 8.3.
1 In the present version of the model, the term 
'infrastructure' is used in a broad sense to include 
all government services other than education (such
as public health, transport and agricultural extension 
services).
2 This figure was estimated from the time path of government 
expenditures from 1966 to 1971 taken from Papua New 
Guinea National Accounting Statistics (1974), and data
on employment in government services from Papua New 
Guinea Manpower Planning Unit (1969, 1974).
3 While fixed proportions apply in the provision of 
infrastructure, the relative use of labour and capital 
by government instrumentalities included in the modern 
industrial sector is assumed to respond to changes in 
relative factor prices. See Section 3.3.
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Table 8.3: Composition of the labour force in
the provision of infrastructure
Skill level 1966 1971 2006
1. Unskilled .752 .668 . 606
2. Skilled .161 .223 .253
3. Sub-professional .065 .087 .106
4. Professional .022 .022 .035
TOTAL 1.000 1.000 1.000
Note; Figures for 1966 to 1971 derived from Papua New 
Guinea Manpower Planning Unit (1969, 1974). Linear rates 
of change are assumed from 1971 to 2006. See note 1, p.165.
As in the plantation sector, the wage bill paid 
to indigenous and expatriate employees is derived from: 
the time path for total employment in the 
provision of infrastructure, determined by 
the government;
the composition by skill level, see Table 8.3;
- the proportion of expatriates employed at each 
skill level;
the strategy on wage rates for expatriates and 
indigenous employment by skill level.
The total expenditure on infrastructure is 
influenced by the rate of replacing expatriates, and by 
the movements of real wage rates over time. It is assumed 
that neither of these factors will influence the effectiveness 
of the provision of infrastructure in other sectors of the 
economy. As discussed in other sections of this chapter, 
the changes in productivity are derived from the expenditure 
on infrastructure, adjusted for any change in the average 
wage per employee.
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Finally, in order to calculate the different 
effects on productivity in agricultural and industrial 
sectors, the expenditure was split between rural and urban 
infrastructure in the ratio of 52.5:47.5. This ratio, derived 
from the proportion of government service employment between 
major towns and other locations’^ has been assumed to remain 
constant over the period for the projections presented in 
the thesis.
Section 8.5: Major natural resource based projects
The nature of these projects, and their crucial 
importance in any long-term economic planning in Papua New 
Guinea was discussed in Chapter 2. This section contains 
a detailed description of the two copper-mining projects 
considered in the basic projection. Similar information 
for a possible hydroelectric project that may be initiated 
in the 1980s is presented in Chapter 15.
A construction and a production phase are 
distinguished for each project. It is assumed that the 
timing and magnitude of the build-up of capital during the 
construction phase, and the level of production are subject 
to government decisions. The production phase may be 
finite for mineral extraction projects or indefinite for 
an export-oriented complex based on hydroelectric power.
Chart 8.1 shows the value of production and the 
time paths of investment in the Bougainville copper project, 
the first major natural resource based project in Papua 
New Guinea. The time paths shown are taken from a report
1 See Papua New Guinea Department of Labour and Industry, 
Labour Information Bulletin No.6 (1968).
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CHART 8 . 1 :  BOUGAINVILLE COPPER
PROJECT
1966 1976 1986 1996
TIME IN YEARS
2006
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2
INVESTMENT (INCLUDING REPLACEMENTS ) 
PRODUCTION (AT 1972 PRICES FOR OUTPUT)
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on the project prepared by Scott (1973). The time path 
of production in Chart 8.1 is based on an assumption of 
constant (1972) prices, but the model has been designed to 
simulate the effects of alternative, exogenously determined, 
time paths of export prices. Actual price fluctuations have 
been entered for past years. In all projections included 
in later chapters, the average price of output is assumed 
to regain the 1972 price level by 1978 and to remain at 
that level for the remainder of the period.
The input requirements for both phases of the 
Bougainville Copper project are presented in Table 8.4, 
showing the use of labour at each skill level, and the 
demand generated for industrial products.
The present model is designed to study
alternative strategies on the scale and timing of other
major projects. For the basic projection, it is assumed
that a second copper project will be commenced in 1980,
with the construction phase ending in 1983 and the production
phase extending to the end of the projection period. It is
further assumed that the scale of investment and the quantity
of output will be 33% larger than for the Bougainville copper
project. The input requirements per unit of investment
and production are assumed to be the same as for the
Bougainville project - the coefficients in Table 8.4 are
2used for both copper projects.
1 Scott (1973) presented figures up to 1990. The
projections in the thesis assume that capital will be 
kept intact to the end of the period while production 
falls as shown in Chart 8.1.
It will be possible to replace these assumptions as 
more accurate information about any new copper mining 
ventures becomes available.
2
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Table 8.4: Inputs to the copper projects
Construction Phase Production Phase
Inputs per $'m 
expenditure on 
investment
Input per $'m 
ou tpu t
Emplovment ('000 persons) 
(figures in brackets:
% of total employment)
unskilled 0.029 (58.0) 0.010 (60.1)
skilled 0.017 (33.9) 0.006 (33.3)
subprofessional 0.003 ( 6.3) 0.001 ( 3.4)
professional 0.001 ( 1.8) 0.001 ( 3.2)
TOTAL 0.051 (100) 0.018 (100)
Demand for industrial 
poods and services ($'m)
proportion met from 
domestic production
0.901 0.183
1971 0.36 0.25
1986 0.36 0.28
2006 0.36 0.31
Note: These coefficients, taken from Scott (1973) for the 
Bougainville copper project, are assumed to apply for the 
second copper project.
The proportion of demand for industrial products 
supplied from domestic sources is assumed to increase 
linearly over the production phase.
Value added during the construction phase consists 
of the wage bill for employment on the construction sites. 
Demand for industrial goods and services generated by the 
investments is met partly from imports, and partly by the 
domestic industrial sectors of production, contributing 
to production and value added in those sectors.
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All of the production of the copper projects is
exported in the basic projection.^" Value added in the
production phase is the value of output less the relatively
insignificant demand for intermediate inputs of industrial
products. Taxable profits are derived by deducting the
wage bill and the cost of replacement investments from value
added. As in the plantation and modern industrial sectors,
the rate of tax levied on this surplus is set by government
strategy so as to allow a specified rate of return on the
2value of capital invested. Profit after tax is then used
to repay loans incurred during the construction phase.
Most of these loans are repaid during the initial years
3of the production phase. The remaining profits are then 
allocated to the owners of capital. Twenty per cent accrues 
as revenue to the government, according to the strategy on 
ownership used in the basic projection. The remaining 80% 
is remitted to foreign owners.
The importance of taxes and dividends from the 
profits in the projected growth of government revenue will 
be illustrated in Chapter 11. These flows depend crucially 
on the strategies with respect to the share of government 
ownership and the permitted rate of return to foreign capital.
1 In Chapter 15, allowance is made for some of the 
copper production to be refined before being exported, 
using hydroelectric power from an additional major project.
2 The basic strategy for the taxation of the modern 
sectors of the economy is described in Section 10.2.
In the model all taxes on the projects (including royalties, 
withholding tax on dividends etc.) are assumed to be 
recalculated as a total rate of tax on profits set to 
yield the policy-determined rate of return to capital.
3 Data on lending and repayment are taken from Scott (1973) 
for the Bougainville project, and scaled appropriately 
for the second copper project.
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While projections can be generated for different choices for 
each project, the thesis does not present alternative 
projections for the two copper projects. However, three
alternative strategies concerning ownership and taxation of 
the hydroelectric project are discussed in Chapter 15.
Section 8,6: Small-scale industry
Domestic production of industrial goods tabes 
place in three sectors. The model allows for a modern 
industrial sector, located in urban areas, where allowance 
is made for the relative inputs of labour and capital to 
adjust to changes in productivity and relative factor prices 
over the period. Industrial goods and services are also 
produced in small-scale sectors in either location. These 
sectors are assumed to be less capital-intensive and rely 
on self-employment rather than wage employment.
The informal or small-scale industrial sectors are 
currently very small in Papua New Guinea, compared to the 
modern industrial sector (see Section 2.2, and Conroy (1973)). 
The total domestic production of industrial goods and services 
is limited by the growth of demand for these products.
However, it is assumed that government actions will ensure 
that the growth of the small-scale sectors will not be 
limited by demand constraints.
The determination of production is similar to the 
model used for the smallholder agricultural sectors.
The time path of production is derived from the accumulation 
of capital in the small-scale industrial sector in either 
location. In each case, net investment in any year is 
calculated from the disposable incomes of participants^
1 For projections presented in this study, it has been
assumed that there is no government lending to finance 
investment in the small-scale industrial sectors.
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in the rural or urban self-employed workforce. The derivation 
of these incomes and the determination of the shares 
allocated to investment in the small-scale industrial sectors 
are presented in Sections 9.2 and 9.4.
For simplicity, it has been assumed that the 
initial values for capital/output ratios, rates of 
depreciation and the intermediate input requirements per 
unit of output are the same in both rural and urban small- 
scale industry. The initial capital/output ratio is in both 
cases set to 1.27, two-thirds of the initial ratio in modern 
industry. The annual rates of depreciation are set to 20%, 
four times the rate in modern industry."^
As in the case of the smallholder sectors, the 
model makes allowance for improvements in the productivity 
of capital in these sectors. The capital/output ratio 
is assumed to fall over the period; the decline is derived 
from the provision of infrastructure to rural and urban areas, 
and from the changes in the educational composition of the 
self-employed workforce in either location over the period.
The derivation of changes in the capital/output ratio is 
based on the equations (8.1) to (8.3) discussed in Section 8.2, 
and the same parameters are used to link changes in 
productivity to these two influences.
Value added in the small-scale industrial sectors
is derived from total output by subtracting the value of
2intermediate inputs. It has been assumed that no taxes 
are levied on small-scale industry. After deducting the
1 Similar assumptions have been made to relate capital/ 
output ratio and depreciation rates in smallholder 
agriculture to the corresponding estimates for the 
plantation sector.
2 Input-output coefficients are presented in Table 9, Appendix 1.
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cost of replacement, the remainder of value added in rural 
or urban small-scale industry is assumed to be shared among 
the self-employed members of the workforce in either location.
Section 8.7: Modern industry
The growth of modern industry is determined jointly 
by demand and supply constraints. In any year of the 
projection period an upper limit on production is set by the 
stock of capital made up by investments up to the preceding 
year. The net investment in any year is, in its turn, 
derived from the expected growth of demand for production 
by modern industry in the coming year. If actual demand 
'falls short of expected demand there will be some excess 
capacity; if actual demand exceeds expectations, additional 
imports of industrial products will be generated.^
This section describes the derivation of the 
total demand for industrial goods and services, followed by 
the determination of the demand for domestic production 
as against imports. The final part of this section then 
describes the growth of production, investment and employment 
generated by this sector, and the allocation of value 
added depending on the ownership of the modern industrial 
sector over the projection period.
Demand for industrial products is derived from 
a large number of components. Consumption demand is 
calculated from the disposable incomes of three groups of 
consumers; indigenous residents in rural and urban areas 
and expatriate wage earners. The derivation of the disposable
1 Any excess or shortfall in capacity is taken into 
account in planning investment in response to changes 
in demand: see equation 8.12 below.
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incomes of these groups, and the derivation of consumption 
demand for industrial products for any year of the 
projection period is set out in Chapter 9.
Sections 8.2 and 8.6 have foreshadowed that 
investment demand for industrial products is generated 
by indigenous savings, devoted to investment in the small- 
scale agricultural and industrial sectors in either location. 
These investments may be supplemented by government lending 
for investment in smallholder agriculture, depending on 
government policy in this field.
Further investment demand is generated by 
replacement investment plus any net investment in plantation 
sector (see Section 8.3), the major natural resource based 
sectors (see Section 8.5) and in the modern industrial sector 
itself. The model allows for an accelerator mechanism, in 
the sense that the output of modern industry is partly 
used to cater for the expansion of the sector. The 
derivation of net investment in modern industry in any year 
of the period is discussed later in this Section.
The demand for industrial production generated by 
the provision of education and infrastructure has been 
discussed in detail in Sections 5.2 and 8.4 respectively. 
Demand for exports is assumed to be exogenously given in 
the present version of the model. Export demand to date 
is derived from published statistics.^ Beyond 1974 exports 
from this sector are assumed to grow at 3% per year in all
See Papua New Guinea Compendium of Statics (1972) p.54 
and Papua New Guinea National Accounting Statistics 
(1974), Table 22. Most exports from this sector are 
processed agricultural products.
1
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projections presented in the thesis. This low rate of 
increase in exports by modern industry was chosen as Papua 
New Guinea's real wage rates are relatively high compared 
to those in neighbouring countries of South-East Asia.
Finally, intermediate demands for industrial 
products are generated by the current rates of output of 
agricultural and industrial products, and the current output 
of any major projects in their production phase. As discussed 
in Section 3.3, the volume of these demands is derived from 
a set of input-output coefficients calculated by aggregating 
the detailed input-output table prepared by Parker (1973),
(see Table 9, Appendix 1).
Total demand for industrial products, including 
intermediate as well as final demands, is the sum of all 
these components. A set of coefficients, presented in 
Table 8.5,"^  is then used to calculate the demand for the 
domestic production of industrial goods and services. The 
domestic content for each component of demand in the early 
years of the period was derived from the work of Parker (1973). 
As explained in Section 3.7, these coefficients are assumed 
to increase gradually over the projection period.
The demand for output from the modern industrial 
sector in year (t) is derived by subtracting the output 
of the small-scale industrial sectors from the total demand 
for domestic production in that year. The amount of excess 
capacity, or any spillover to imports, is then derived from
Table 8.5 shows the values used to generate the 
basic projection. The impact of a more rapid rise 
in the proportion of demand for industrial goods 
supplied from domestic sources is examined in 
Section 12.5.
1
Table 8.5: Proportion of demand for
industrial products met by domestic production
Source of demand 1966 1986 2006
Consumption:
indigenous, rural 0.584 0.611 0.641
indigenous, urban 0.584 0.611 0.641
expatriate 0.478 0.505 0.534
Investment:
major projects n.a. 0.360 0.360
other 0.733 0.761 0.790
Government expenditure 0.984 0.988 0.992
Exports 1.000 1.000 1.000
Intermediate Demand:
agriculture 0.714 0.741 0.771
industry 0.627 0.654 0.683
major projects n.a. 0.277 0.301
Weighted average 0.661 0.719 0.752
Note: The figures for the weighted average are taken from
the basic projection; the figures would vary slightly with
influences that affect the composition of demand.
Source: See text above.
the current limit of productive capacity. This is set by 
the existing stock of capital which depends on the 
investment decision made in the preceding year (t-1).
The total investment in the modern industrial 
sector in any year (t) consists of replacement of existing 
capital at an assumed 5% annual rate of depreciation, plus 
any net investment. The net investment made in any year 
is derived from the expected growth in the other components
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of demand. Demand for domestic production of industrial 
goods and services is grouped into:
D (t): demand generated by the major projects;
D (t): other sources of demand for domestic
industrial production.
For the latter, the expected demand for domestic
0production (t + 1) is derived by simple geometric 
extrapolation of the growth of demand from (t - 1) to (t). 
It is assumed that the demand that will be generated by
ethe major projects (t + 1) is known at least a year in 
advance. D^(t) is relatively constant except during the 
construction phase of each project. Because these 
fluctuations are transitory, it is assumed that investors 
in modern industry will not attempt to cater for all of 
the expected change in the demand from the projects in 
any year.
In years not coinciding with the construction 
phase of either major project, a further adjustment in 
planned production is made to allow for any excess (or 
shortfall) of capacity in the preceding year, and the 
expected growth of output in the small-scale industrial 
sectors from (t) to (t + 1).'*'
These adjustments can be summarised in the 
following equation:
This further adjustment is not made during the 
construction phase of the major projects when 
discrepancies between demand and capacity in modern 
industry are expected, due to the partial adjustment 
of capacity to changes is D-^ (t).
1
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AP(t) = c1[Die (t+l) - D1 (t) ]
+ [D23(t+1) - D2(t)] (8.12)
- c 2 [E (t) + (Pg (t+1) - Pg(t))]
where: A P(t) is the planned change in output from
modern industry;
D^(t), D^t) are defined above;
E(t) is the excess capacity of modern industry 
in the current year.^
The constant (c^ ) allows for a damping of the 
fluctuations of demand that are caused by the passing of 
the construction phase of the large projects. The value 
c^ = 0.2 has been used in the projections in the thesis, 
as this damping factor allowed the model to simulate the 
observed time path of value added in modern industry over 
the passing of the construction phase of the Bougainville 
copper project. Sharp increases in production in 1970 
and 1971 were followed by a marked slump in 1973. The model 
then simulates a gradual recovery so that the projected 
total monetary sector product for 1978 is within 1.5% of 
the estimate by Parker (1973) for 1978.
The factor (c^ ) also acts to dampen fluctuations 
in the growth of modern industry. The value (c = 0.25)
E(t) is negative when capacity falls short of demand, 
and some of the demand that could have been met by 
domestic industry, according to the coefficients in 
Table 8.5, are met by additional imports.
1
184
used in the projections that follow was chosen as it 
permitted an accurate simulation of the growth of this 
sector to date, and generated moderate cyclical fluctuations 
in the growth of modern industry over the remainder of the 
projection period.
The planned change in value added is A P(t),
less the cost of intermediate inputs; this is then used
to determine the net investment and recruitment of labour
in the current year, using a constant elasticity of
2substitution production function. The form of the 
production function is the same as that used in the sub-model 
of the plantation sector described in Section 8.3. In this 
case, the function was fitted to available data for the 
modern industrial sector for the initial year 1966. The
3elasticity of substitution was derived to be a = 0.88.
The ratios of labour (L) and capital (K) to value added (X) 
were estimated to be:
- = 0.41X
K = 4.05
X
1 The factor c^ is set to be zero in the years coinciding 
with the construction phase of either major project
when no adjustments are made for any excess (or shortfall) 
in capacity. In all other years, c^ = 0.25.
2 If the planned change AP(t) is negative, then negative 
net investment may be called for according to this 
function. The model assumes that net disinvestment 
will not exceed 1% of existing capital in any year; 
only part of the normal replacement investment would be 
carried out.
3 Cf. tf = 1.01 for the plantation sector. These differences 
are consistent with assumptions made by Kelley (1972) in
a simulation study of Japanese economic development where 
the elasticities of substitution for industry (o.5 ) was 
set below the corresponding elasticity for agriculture (1.5)
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In subsequent years, allowance is made for changes 
in these ratios in response to changes in factor prices 
(e.g. changes in wage rates determined by the government) , 
and to improvements in the productivity of labour and 
capital due to the provision of infrastructure to urban 
areas. The relationships and parameter values used to 
derive changes in productivity are identical to those used 
for the plantation sector (see equation (8.10), Section 8.3), 
but the productivity of labour and capital in modern 
industry increases slightly more rapidly as a slightly higher 
proportion of government expenditure on infrastructure is 
devoted to urban areas (see Section 8.4).
Replacement investment is financed out of earnings 
in each year. The net investment required to cater for 
the planned change in production may be financed from one of 
three sources. The amount financed from savings of indigenous 
wage employees is derived by the submodel described in the 
following chapter. Then, depending on the long-term 
strategy for acquiring ownership in modern industry / some net 
investment may be financed by the government, or there may 
be some disinvestment to finance government expenditure in 
other areas. The basic strategy for the time path of the 
share of modern industry to be owned by government^ is 
described in Section 10.3.
As discussed in Chapter 3, the modern industrial 
sector is assumed to have access to overseas capital 
markets. Net investment by foreigners is, in each year of 
the period, assumed to fill the balance between the total 
amount of net investment to be financed and the contributions 
by domestic (private and government) investment. In years
1 The changing pattern of ownership of modern industry 
in the basic projection is presented as Chart 11.4-
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when the government's strategy is to achieve a large increase 
in the share of ownership, net investment by foreigners may 
be negative as some of their share of capital is acquired 
by the Papua New Guinea government.
Turning to the demand for labour, employment at 
various skill levels is derived from total employment in
modern industry using the coefficients set out 
Table 8.6: Composition of the labour
below.
force in modern industrv
Skill level 1966 1971 2001
1. Unskilled .828 .810 .735
2c Skilled .133 .153 .199
3. Subprofessional .027 .028 .048
4. Professional .012 .008 .018
TOTAL 1.000 1.000 1.000
Note: Sources and assumptions - see Table 8.3.
It remains to describe the allocation of value 
added in modern industry. First, any indirect taxes are 
added to domestic revenue. A rate of 1% indirect tax is 
assumed to be levied in all years? this rate is derived 
from the input-output table for 1970 by Parker (1973) .
The allocation of the remainder of value added follows the 
pattern described for the plantation sector. The wage bills 
paid to indigenous and expatriate employees,"^ and the
1 The proportion of expatriates employed at each skill 
level is derived by the job allocation submodel 
described in Chapter 7.
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cost of replacement investment are deducted. The rate of 
tax on the remainder is set to yield a specified rate of 
return to the owners of capital (see Section 10.2).
Profits after tax accrue as dividends to the owners of 
capital, according to the changing pattern of ownership.
The description of the modern industrial sector 
completes the account of the derivation of production, 
employment and the allocation of income generated by the 
various sectors of production. Chapter 9 will explain the 
derivation of total disposable income of the different 
subdivisions of the workforce from these sources. The 
second part of Chapter 9 presents the derivation of various 
components of expenditure out of these incomes. Emphasis 
will be placed on the role of changes in the size and 
composition of the population and the distribution of income 
in deriving components of demand for the output of the 
sectors that have been described in this chapter.
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CHAPTER 9
PERSONAL INCOMES AND EXPENDITURES
This chapter deals with the projection of incomes 
and expenditures of four groups: indigenous and expatriate
wage employees, and indigenous self-employed members of the 
workforce in rural and urban areas. Following the discussion 
of the determination of wages below, Section 9.2 describes 
the determination of the disposable income of each of these 
groups for any year of the projection period. Two 
concentration ratios are introduced as indicators of 
changes in the distribution of personal incomes. The 
consumption functions used in this submodel are presented 
in Section 9.3, while the concluding section describes the 
pattern of expenditure out of the disposable incomes of 
these groups.
Section 9.1: Determination of wages
The pattern of recent changes in wage rates in 
Papua New Guinea has been summarised in Table 2.9.
As discussed in Chapter 2, wages are determined by arbitration 
involving government, private employers and workers. The 
government, as the largest single employer has the most 
important influence on this process and, in this study, 
the time paths of wage rates'*’ by skill level beyond 1976 
are assumed to be set by government policy. This section 
describes the basic strategy for the determination of wage
1 Wage rates are specified in real terms, at 1968/69 
prices.
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rates over the projection period, and foreshadows how 
alternative strategies can be specified in similar terms.
Wage rates for indigenous employees at any skill 
level are assumed to be the same in all sectors employing 
wage labour, with one exception. As shown in Table 2.9, 
the wage rate for unskilled labour in the plantation sector 
has been considerably below wages in other sectors. The 
differential has widened in recent years when substantial 
increases in real wages have been granted to government 
employees and workers in modern industry. It is likely 
that this differential will decline over time. Therefore 
it is assumed that the wage rate for unskilled employment 
in plantations will rise steadily from 50% of the 
corresponding wage rate in modern industry in 1976 to 75% 
by 1982, and remain at 75% of the modern industry rate 
for the remainder of the projection period.
The basic strategy specifies that the wage rate 
for unskilled employees in modern industry (and hence 
in government service or in the major projects) is to rise 
at the same rate as the increase in the productivity of 
labour in modern industry. Alternatives can be specified 
by allowing for increases in unskilled wages to exceed or 
to lag behind increases in productivity for all or part 
of the projection period.
In all strategies, wage rates for indigenous 
employees at higher skill levels are expressed in relation
1 The derivation of the rate of increase of productivity 
from the provision of infrastructure by the government 
has been described in Chapter 8.
190
to the wage for unskilled employees in modern industry.
Wage differentials by skill level are currently quite
high in Papua New Guinea, when compared to differentials
in developed countries. A number of writings on the
problems of development'*' have suggested that these high
differentials, often inherited by developing countries from
their colonial periods, should be reduced over time.
While such reduction in differentials may be difficult
to implement for political reasons, the continuation of
high differentials could generate a popular demand for
higher education in excess of the growth of jobs requiring
such qualifications. The differentials can also lead to
the emergence of 'educated unemployment'. This phenomenon
2has been observed in a number of developing countries.
It is brought about by the (perhaps temporary) refusal by 
persons with high educational qualifications to accept 
jobs below a certain skill level. In all of the strategies 
considered in this study, wage rates are fixed by skill 
level and not by the educational qualifications of employees, 
so accepting jobs at lower skill levels means accepting 
relatively less remunerative employment.
The basic strategy for wage determination links 
the reduction of wage differentials to the emergence of 
'educated unemployment'. In the context of the model, 
these may be:
(a) persons who have completed university education
not willing to seek employment below the
1 See, for example, Lewis (1968), p.137, Myint (1970), 
pp.230-31.
2 See Blaug et al (1969).
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professional level;
(b) persons with other tertiary education not willing 
to seek employment below the sub-professional 
level;
(c) persons with secondary education not willing to 
seek employment below the skilled level.
The number of persons in each of these categories 
in any year of the period is derived from the existing 
wage differentials and the probability of employment at 
each skill level, as described in Section 7.4.
If there were no 'educated unemployed' at the 
professional level in any year (that is, no persons in 
category (a) of the above list), then the differential 
between the wage rates for professional and unskilled 
employment is to remain constant in the next year. On the 
other hand, if there were some 'educated unemployment’ 
at this level, then the wage rate for professional 
employment would be held constant, resulting in a reduction 
in skill differentials as unskilled wages rise with 
productivity increases over the projection period.
The wage rates for sub-professional and skilled 
employees are derived similarly, depending on the existence 
of 'educated unemployed' in categories (b) and (c) 
respectively. The reduction of differentials in the basic 
projection derived from this strategy is shown in Chart 11.6. 
Alternative strategies for determining wage differentials 
between indigenous employees at various skill levels will 
be considered in Chapter 13.
The number of expatriate employees required at 
higher skill levels in any year of the period is determined 
by the job-allocation submodel, described in Section 7.3.
In the past, most of these expatriates have been recruited 
from Australia, one of the most expensive labour markets 
in the world. The model can generate projections on the 
assumption that most expatriates will continue to be 
recruited from Australia, and allow for a rise in the wages 
of expatriate employees linked to some expected rise in 
Australian real wages. However, it has been assumed that 
Papua New Guinea can continue to diversify the sources for 
recruiting skilled and professional manpower. Accordingly, 
the projections presented are based on the assumption that 
the average real wage rates for expatriate employees will 
remain constant at $5,000 p.a. for skilled, $6,500 p.a. for 
subprofessional and $8,000 p.a. for professional employees.
Section 9.2: Determination of incomes
Indigenous wage employees
The model takes account of two sources of income 
for indigenous wage employees: one from wages paid in the
modern sectors of the economy, the other from dividends 
accruing from their share of ownership in the modern 
industrial sector.
The total wages paid to indigenous employees are 
derived from:
(a) the total demand for wage labour at each skill 
level (see Chapter 8);
(b) the proportion of jobs, at each skill level 
held by Papua New Guineans (see Chapter 7), and
1 These wage rates are in terms of 1968/69 prices; 
equivalents in 1975 Australian dollars are 1.55 times 
these figures.
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(c) the wage rates at each skill level, determined by-
government policy.
Income taxes are levied on indigenous wage incomes on a 
progressive basis, as described in Section 10.2.
The total disposable income of indigenous employees 
at each skill level is derived by adding dividends from 
modern industry to wage incomes after income tax. Total 
dividends paid by modern industry depend on the government 
strategy on the taxation of profits.^" The share accruing 
to wage earners at various skill levels is calculated from 
past investments in modern industry by members of each 
group.
Expatriate wage employees
The calculation of wage incomes, before and after 
income tax, is similar to that for indigenous wage incomes.
In the early years of the projection period, it is assumed 
that additional income accrues to this group from a share 
in ownership of plantations and modern industry. In 1966, 
the share of profits after tax accruing to foreign owners 
of these sectors resident in Papua New Guinea was estimated 
to be 15%: this share is assumed to decline linearly to
zero by 1986.
Urban self-employed
The growth of the urban small-scale industrial 
sector has been described in Section 8.6. Net income is 
determined as value added less allowance for depreciation;
1 In the strategies considered in this study the tax on 
profits is set to yield a specified annual rate of 
return to the owners of capital.
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no taxes are levied on this sector in the strategies 
considered in this study. The total disposable income of 
this group is net income from the informal sector plus 
remittances, or transfers, from indigenous wage earners: 
the determination of the amount of remittances is described 
below in Section 9.4.
Rural self-employed
Four sources of income^ are taken into account:
(a) net income from the rural small-scale industrial 
sector, calculated as value added less depreciation 
(see Section 8.6);
(b) net income from the smallholder agricultural 
sectors producing food and export cash crops.
In each case, net income is value added less 
allowance for depreciation, any export tax and 
repayments on earlier loans from the government 
(see Section 8.2);
(c) dividends accruing from the share of ownership
in the plantation sector purchased by rural savings 
in earlier years (see Section 8.3);
(d) remittances from indigenous wage earners (see 
Section 9.4).
Distribution of personal incomes
Treadgold (1974b) drew attention to four kinds 
of inequality in the distribution of monetary incomes in 
Papua New Guinea. First there is a marked differential
1 Only money incomes are discussed in this section. The 
influence of subsistence incomes on the pattern of 
expenditure out of rural is discussed in Sections 9.3 
and 9.4.
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between incomes per head of expatriate and indigenous 
resident; this difference is expected to persist, but may 
become less evident as expatriates are being rapidly 
replaced in the modern sector workforce.^ There are also 
marked differences in incomes per head of rural residents 
in different regions of Papua New Guinea. There is no 
regional classification of the population in the present 
model, so this important aspect of income distribution is 
not discussed. Attention is focussed on the distribution 
of income between rural and urban areas, and among members 
of the urban workforce.
The remainder of this section describes the 
derivation of two measures of the concentration ratio 
of indigenous disposable monetary incomes, by comparing 
the average incomes per head of participants in the following 
categories of the workforce:
1. self-employed in rural areas;
2. self-employed in urban areas;
3. indigenous wage employees with no formal 
qualifications;
4. primary education completed;
5. secondary education completed;
6. tertiary (other than university) education 
completed;
7. university education completed.
Wage employees are grouped by education, rather 
than skill level, to reflect any change in the educational
1 The rapid decline in the share of personal incomes 
accruing to expatriates in the basic projection is 
illustrated in Chart 11.5.
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composition of those employed at each skill level projected 
by the model, as described in Chapter 7. In measuring the 
distribution of indigenous disposable incomes, wage incomes 
are taken net of remittances which are included in the 
incomes of the self-employed in both locations.
Concentration ratio of indigenous cash incomes: 0(t)
This ratio is calculated by a technique analogous 
to the derivation of a Gini-Lorenz coefficient."*’ The first 
step is to arrange these seven groups in ascending order 
of average incomes per head. A curve, analagous to a 
Lorenz curve is then constructed by plotting the cumulated 
proportions of the total workforce in these groups along 
the horizontal axis, and the cumulated proportions of the 
total disposable income accruing to each group along the 
vertical axis. An example for year 1986 in the basic 
projection is shown in Chart 9.1. The concentration ratio 
G(t) is derived as the ratio of the shaded area to the total 
area under the diagonal.
Concentration ratio of urban incomes; U(t)
It will be noted in subsequent chapters that 
projected changes in 0(t) largely reflect changes in the 
share of disposable incomes accruing to rural residents.
A second measure U(t) , used to highlight changes in the 
concentration of urban incomes, is more sensitive to changes 
in wage rates and the proportion of the urban workforce in
1 The notation of 0(t) and U(t) are introduced to avoid 
confusion with the more conventional use of the Gini- 
Lorenz concentration ratio to measure concentration 
of interpersonal or household incomes. The concentration 
ratios U(t) and 0(t) are calculated by assuming uniform 
distribution of income within each group in the above 
list.
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or out of wage employment. The method of derivation is 
the same as for 0(t), except that only groups 2 to 7 in 
the above list are taken into account.
Section 9.3: Consumption functions
This section describes the method used to allocate 
disposable incomes between consumption and savings. The 
structure of the model makes it possible to assume alternative 
time lags between the receipt of disposable incomes and 
expenditure out of these incomes. In the projections 
included in the thesis it is assumed that decisions on 
expenditure in year (t) are made in year (t-1) on the 
basis of expected incomes in the following year, derived 
by a simple geometric extrapolation of the changes in the 
disposable income of each group from (t-2) to (t-1). To 
simplify the description of expenditure patterns, no 
distinction is made between expected and actual incomes 
in the remainder of this section.^
The model allows for distinct consumption functions 
for each group of indigenous1 2 consumers, so that changes 
in overall consumption patterns are derived endogenously 
from the changing composition of the workforce projected 
by the submodels already described. In each case, the 
proportion of income allocated to consumption is assumed 
to vary with incomes per head, allowing for the number 
of dependants supported by each group of participants in
1 Any small discrepancy between expected and actual 
disposable incomes at (t) is assumed to be made good 
by lending or borrowing from the government at a 
nominal rate of interest.
2 The expenditure pattern out of disposable incomes of 
expatriate wage employees is dealt with at the end of 
Section 9.4.
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the workforce. The marginal propensity to consume 
(non-subsistence) foodstuffs plus industrial goods is assumed 
to be constant so that expenditure per head on these items 
is:
0  ^ = 3 ^ +  (9.1)
where: y. is income per head for any group of indigenous
1 1consumers; and a_^  and b^ are constants, 
a > 0; 0 < b < 1.
The share of consumption out of the income of each group 
will fall as incomes per head increase. On the other hand, 
if the rate of growth of population exceeds the rate of 
growth of indigenous disposable incomes, the share of
2consumption will rise and the savings rate will decline.
Consumption is allocated between food and 
industrial products by using a second, similar consumption 
function for each group of indigenous consumers:
o •_ = a . _ + b._y. if if if i
where: c.^ is the expenditure per head on food;
(9.2)
y^ is income per head for any group of consumers;
a . _ and b . _ are constants, a > 0 and 0 < b , < b . < 1if if if l
The assumption of such a constant marginal propensity to
consume food allows for the proportion of income spent on
1 Namely: wage employees, urban self-employed and rural
self-employed.
2 This interrelation between incomes per head and savings 
rates has been incorporated in most economic-demographic 
models following Coale and Hoover (1958). See for 
example, Wery (1974), pp.23-30.
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food to decline as incomes per head rise, so that the 
pattern of consumption will follow Engel's law: this states
that the elasticity of food consumption out of additional 
incomes is lower than for other types of consumption.
Data are not currently available to determine parameters 
for the consumption functions for each group of indigenous 
consumers. The estimates, set out in Table 9.1, were 
selected to reflect hypotheses concerning differences 
between rural and urban consumption patterns. It has been 
assumed that rural residents will spend a relatively lower 
proportion of their cash incomes on food because they 
obtain a greater part of their food needs from the subsistence 
sector.
Table 9.1: Parameters of the consumption
functions for groups of indigenous consumers
(the symbols a- j / a^f 
equations (9.1)
,b^f are defined in 
and (9.2))
a. b . a b .if if
Indigenous wage employees 
(all skill levels) $17 0.8 $55 0.125
Urban self-employed $17 0.8 $55 0.125
Rural self-employed ■—i 0.8 $20 0.125
The marginal propensities were chosen so that
the average propensity to consume food plus industrial 
products out of indigenous disposable incomes declines by 
6% (from 96% in 1966 to 90% in 2006) in the basic projection, 
while the average propensity to consume food declines by 
14% (from 41% in 1966 to 27% in 2006).
The estimates for the constant terms relied on 
estimates by Parker (1973), who estimated the average
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propensity to consume out of all indigenous disposable 
incomes to be 89.2%, and the proportion spent on food to be 
40.8%. As explained in Section 3.3, the model makes no 
distinction between the consumption of industrial products 
and expenditures on items such as housing, that are 
normally regarded as 'investment' in conventional national 
accounts. In this study, investment is more narrowly 
defined as expenditure that leads directly to increases 
in production in some sector of the economy. Therefore, the 
estimate of the average propensity to consume in 1970 was 
revised upward to 95%, and the parameters of the consumption 
functions were chosen accordingly.
Section 9.4: Expenditure patterns
Indigenous wage employees
Consumption of food and industrial products is 
determined by applying the consumption functions described 
above. Incomes per head, at each skill level, are derived 
by calculating the number of persons to be supported out of 
the disposable incomes of wage employees in each skill 
category.
It is assumed that unemployed members of the urban 
workforce are supported by wage-earners. Persons not in the 
workforce (young or aged non-participants and persons 
attending educational institutions) may be supported by 
wage earners or by self-employed workers in urban areas. 
Persons in self-employment are mostly young, recent entrants 
to the workforce. They have lower family responsibilities 
and, as they earn considerably lower incomes per head, they 
would not be expected to support non-participants to the same 
extent as wage earners. Therefore, it has been assumed that 
the non-participants are allocated so that the number of 
dependants for each wage earner is twice the ratio of
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dependants to self-employed members of the urban workforce. 
Finally, the number of dependants per wage employee is 
assumed to be the same for all skill levels. Those earning 
higher incomes may have fewer children (see Chapter 4), 
but this is assumed to be balanced by a higher number of 
other dependants.
The savings of wage employees are divided between 
remittances to the self-employed in both locations, and 
investment to acquire ownership in modern industry. The 
proportion allocated to remittances is assumed to be the 
same for employees at all skill levels.
Urban wages are considerably higher than incomes 
per head of other groups, and it is assumed that a share of 
wage incomes is redistributed to boost the disposable incomes 
of the self-employed. In the initial years of the period, 
most urban wage employees are recent arrivals to urban areas. 
As discussed in Chapter 6, strong traditional ties are being 
maintained between wage earners, those remaining in villages 
and the even more recent arrivals in town. The importance 
of these links is expected to decline gradually over time, 
so the projections presented in this study assume that the 
proportions of wage employees' incomes redistributed will 
decline as shown in Chart 9.2.^ " The remainder of savings 
is used to purchase a share in the ownership of modern
1 Experimentation with the model using different
assumed time paths for these proportions indicated 
that the rate of capital accumulation and hence the 
growth of the small-scale urban industry (but not the 
rural small-scale sectors) were quite sensitive to 
the amounts redistributed from wage incomes. These 
comparisons are not shown in this study.
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industry. Dividends accruing to wage-earners from the 
profits of this sector"^  contribute to disposable incomes 
in subsequent years.
Urban self-employed
Any urban residents not supported by wage employees 
are supported out of the total disposable incomes (including 
remittances) of the urban self-employed. The consumption 
of food and industrial products are derived from the 
consumption functions described in the preceding section.
All savings are assumed to be reinvested in urban small-scale 
industry, creating further demand for industrial products, 
and indirectly boosting urban self-employed incomes in later 
years.
Rural self-employed
The various sources of monetary income of this 
group, listed in Section 9.2, plus subsistence incomes 
are used to support the rural population. The total income 
per head is used to derive the share of money incomes 
allocated to various types of consumption from the functions 
specified in the preceding section. The lower constant (a ) 
parameter in the function determining the consumption of 
(non-subsistence) food out of rural incomes is set lower 
than for urban consumers (see Table 9.1). It is assumed 
that most of rural food requirements are met from
1 In practice such investment would probably be made
through trading banks or other financial intermediaries 
who would charge for their services. The present 
model makes the simplifying assumption that indigenous 
investors receive the share of profits after tax 
corresponding to their share of ownership.
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subsistence production.
The model is constructed to allow for various ways 
of allocating the part of cash incomes that are not spent 
on consumption, but only one alternative is considered 
in the projections included in the following chapters.
Twenty per cent of rural savings are invested in rural 
small-scale industry. The share of savings invested to 
acquire ownership of plantations is assumed to rise linearly 
from zero in 1973 to 10% by 1978 and thereafter. The 
remainder of savings (that is 80% before 1973 and 70% 
beyond 1978) is reinvested in smallholder agriculture.
The allocation of investment between food and export cash 
crop production has been described in Section 8.2, which 
also explained the determination of government lending to 
finance investment in smallholder agriculture as a proportion 
of rural savings invested in these sectors.
Expatriate wage employees
The relative number of expatriates in wage 
employment, and hence the share of all disposable incomes 
accruing to expatriates, declines rapidly as they are 
replaced by Papua New Guineans in skilled and professional 
positions. Expatriate (real) wages have been assumed to 
be constant, therefore the pattern of allocation of expatriate 
incomes has been assumed to be the same throughout. The 
proportions spent on (non-subsistence) food and on industrial 
products have been set to be 0.21 and 0.45 respectively.
1 In projections where the value of substence production 
per head is assumed to fall, the proportion of rural 
cash incomes spent on food is assumed to rise. The 
constant parameter is assumed to rise from $20 towards 
$55 (see table 9.1) as subsistence incomes decline 
from their base value towards zero.
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as estimated by Parker (1973) for 1970. The remaining 0.34 
of incomes that are saved are assumed to be remitted abroad.
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CHAPTER 10
GOVERNMENT RECEIPTS AND EXPENDITURES
Section 10,1; Introduction
The last of the submodels, to be described 
in this chapter, derives a set of accounts (or identities) 
presented in conventional sets of national accounts.
These are:
(a) gross monetary sector product expressed as 
the sum of value added by sectors;
(b) expenditure on the gross monetary sector 
product, classified into consumption, investment,
government and export demand, less imports;
(c) cost structure of the gross monetary sector 
product, indicating the breakdown of income 
into wages and other private incomes, domestic 
revenue to the government, profits accruing 
abroad and allowance for depreciation;
(d) balance of payments account indicating the 
balance of trade, inflows of aid, borrowings 
and investment, and outflows of profits and 
savings remitted abroad;
(e) savings-investment account showing the composition 
of savings from government, private domestic
and overseas sources, and the allocation of total 
investment to the various sectors of production;
(f) balance of government receipts and outlays.
These accounts will be used in later chapters 
to present and compare projections of economic variables 
generated by the model. The compilation of these accounts
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consists of the collection and rearrangement of variables 
derived in the other submodels, and need not be described 
in detail.
The one exception is the government account, as 
some of the details of the strategies determining the 
components of government income and expenditure have not 
been specified in the preceding chapters. The components 
of receipts and outlays are listed below.
Government receipts
indirect taxes: on value added in modern
industry, export taxes on agriculture, and 
customs duties; 
income taxes on wages;
taxes on profits of major projects, plantations 
and modern industry;
dividends accruing from a share in ownership 
in the above sectors; 
foreign aid;
net borrowing from abroad.
Government outlays
expenditure on the provision of education; 
expenditure on the provision of infrastructure; 
net lending to rural smallholders; 
purchase of ownership in major projects, 
plantations or modern industry; 
accumulation of reserves.
Section 10.2 discusses the derivation of each 
component of revenue other than net borrowing from abroad, 
while Section 10.3 deals with the various items of 
expenditure. As explained in Chapter 3, the present model 
does not consider any deficit financing, or its converse:
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planned net borrowing in any year is set equal to the 
difference between total planned outlays, and expected 
receipts (from sources other than borrowing). Any 
discrepancy between expected and actual receipts results 
in an unplanned change in reserves.^" Section 10.4 outlines 
how the model can be used to reconcile planned borrowing 
and expenditures to yield a time path of net indebtedness 
that may fluctuate considerably, but is close to zero at 
the end of the projection period.
Section 10.2; Government receipts 
Indirect taxes
Three kinds of indirect taxes are considered
in the model. Customs duties are assumed to be levied on
imports of non-subsistence foodstuffs and on imports of
2industrial goods and services. Imports are, in each
case, calculated as the difference between total demand
and domestic production. The average rate of duty on
these imports in 1970 was 6%, according to the estimate
3by Parker (1973). As strategies to promote import
1 Until the separation of the Papua New Guinean and 
Australian monetary systems in 1976, no reserves 
of foreign currency against the money supply were 
held by Papua New Guinea. Any discrepancy of actual 
receipts and planned outlays was reflected in an 
unplanned flow of funds to (or from) Australia.
2 Chapter 15 considers the impact of the introduction 
of a large industrial complex based on hydroelectric 
power. It is assumed that no import duties are levied 
on any raw materials imported to be processed for 
re-export in this new industrial complex.
3 This estimate was obtained indirectly from the 
input-output table constructed for 1970.
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replacement through tariff protection are not considered 
in this study, the 6% rate is assumed to apply throughout 
the projection period.
According to Parker (1973), a quite low rate 
of indirect tax was levied on industrial products at a 
rate of 0.8% of value added in 1970. For simplicity, 
this rate is assumed to be maintained for the remainder 
of the period.
No export taxes are assumed to be levied on 
agricultural exports in the basic projection. Section 14.3 
will consider the implications of an alternative strategy 
where the rate of export is zero up to 1976, increasing 
linearly to 10% by 1981, then remaining at that rate for 
the remainder of the period.
Income taxes
In the projections to be presented, it is
assumed that income taxes are levied at a rate of 10%
on indigenous wage incomes above an exemption limit of
$400 (1968/69 prices).^" Expatriate wage rates are assumed
to remain constant (see Section 9.1) and the rate of
income tax is specified simply as a proportion of the
total wage bill paid to expatriates in any year of the
period. The rate of tax is assumed to rise linearly
2from 7.5% in 1966 to 20% by 1978 and thereafter, a rate
1 As the average wage of indigenous wage incomes increases 
by 150% in the basic projection, the average rate of 
tax on this income rises from 3.5% to 8.6% over the 
projection period.
2 The rates of income tax on wage incomes in the 
initial years of the period are set to yield a flow 
of income tax revenue consistent with estimates 
presented in the Papua New Guinea National Accounts 
Statistics (1974).
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still considerably lower than taxes levied on comparable 
real wage rates in Australia, currently the main source 
for the recruitment of expatriates.
Taxes on profits
Up to 1974, the tax rate was calculated indirectly 
from the revenue from this source shown in national accounts 
statistics, and the taxable profits projected by the 
model. Beyond 1974, the rate of tax is derived to adjust 
the annual rates of return to capital r*(t) to certain 
policy determined values in each of the modern sectors 
of the economy. The time paths for r*(t) in the basic 
strategy combination are assumed to be set as follows:
(a) Modern industry: 
r*(t) = 9% throughout
(b) plantations:
r*(t) = 12.5% to 1976, then falling to 9% 
by 1981. The initial high value is adopted in 
order to match the estimates of value added 
and factor inputs to the plantation sector in 
the initial years of the period. The subsequent 
reduction in the permitted rate of return 
ensures that the costs of a rapid rise in the 
unskilled wage rates in the plantation sector, 
set by another facet of government decision­
making (see Section 9.1), are largely borne 
by owners of plantations.
(c) major natural resource based projects: 
r*(t) = 24% to 1975
= 16% in 1976 
= 10% thereafter.
The assumed decline represents (though only 
approximately) the reduction in the share of
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profits to foreign owners of the Bougainville 
copper project following the renegotiation 
of the mining agreement in 1974.
For all these sectors, the rates of return to 
capital in the basic strategy are set to be at least 5% 
above the international rate of interest, which is assumed 
to be constant at a 4% real rate of interest in the 
following projections. The model can be used to investigate 
the implications of specifying alternative time paths 
for r*(t) for each sector, but only one alternative is 
explored in this study: that of allowing a 12% rather
than 10% annual rate of return to capital in the major 
hydroelectric project (see Section 15.3).
Dividends
Dividends accruing to government are calculated 
from the share of government ownership in plantations, 
modern industry and the major projects. The basic strategy 
for acquiring ownership in these sectors is outlined in 
the following section.
Foreign aid
As explained in Section 3.3, the flow of 
foreign aid over the projection period is treated as 
an exogenous variable. The annual inflow of aid from 
1966 to 1975 is set equal to the actual amounts received.^
In the basic projection, the flow of aid is assumed to 
remain at the current rate until 1980, after which it 
is assumed to fall linearly to just under 50% of the 
current rate by the end of the projection period. The effects
1 See Papua New Guinea, National Accounts Statistics 
(1974), Table 17.
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of a more rapid decline in aid are discussed in Sections 12.2 
and 15.2 (both the basic and reduced time paths of 
foreign aid are shown in Chart 12.1).
Borrowing
This final component of government receipts 
will be considered in Section 10.4.
Section 10.3: Government expenditures
Expenditure on education
The derivation of the expenditure on education, 
required to implement any long-term strategy for the 
expansion of the education system, has been described in 
Chapter 5.
Expenditure on infrastructure
The provision of infrastructure involves the 
employment of public servants and the purchase of 
industrial goods and services. As explained in Section 
8.4, the ratio of employment to goods purchased is 
assumed to be set by government policy at a constant 
ratio (of 1000 persons per $3 million goods purchased) 
for the projections to be presented. Strategies for the 
provision of infrastructure can then be unambiguously 
expressed either in terms of the planned growth of 
employment to be provided, or in terms of total expenditure 
calculated at some constant average real wage rate.
In either case the actual expenditure required to 
implement any strategy choice will depend on the long­
term wage strategy selected and on the strategy for 
education, insofar as this influences the rate at which 
expatriate public servants can be replaced.
The time path of employment in the provision 
of infrastructure follows actual employment to 1974.
In the strategy chosen to generate the basic projection,
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a growth of employment at 5.5% p.a. is maintained until 
1980. Thereafter, the rate of growth of employment is 
to fall linearly to be 3.5% from 1985 to the end of the 
projection period. As explained in Section 10.4 below, 
this phasing of the provision of infrastructure was chosen 
to lead to a long-term balance of total government outlays 
and receipts (excluding borrowing) over the projection 
period.
Government ownership in other sectors
(a) Plantations: as explained in Section 8.3,
the capital stock of plantations is assumed to 
remain constant beyond 1976. Foreign owners 
are to be bought out at a rate of 5% a year from 
1980 to 2000. Any of this share not purchased 
from savings of rural smallholders (see Section 
9.4) is assumed to be acquired by the government.
(b) Major natural resource based projects: under
the basic strategy, a 20% share of ownership 
is acquired in both copper projects (see 
Section 8.5). Alternative policies to acquire 
a 20% or a 50% share of ownership in a future 
hydroelectric project will be compared in 
Section 15.3.
(c) Modern industry: as discussed in Chapter 2,
this sector is currently almost entirely
owned by foreigners. In line with the expressed 
desire of the Papua New Guinea government to 
increase national control over the economy, 
the basic strategy provides for some of the 
revenue from the major natural resource based 
projects to be used to acquire a 50% share 
of government ownership in this sector by 1990. 
Thereafter, the share of government ownership
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is permitted to decline to 43% by the end of 
the period, as investment by indigenous wage 
employees (see Section 9.4) is sufficient to 
provide for a continuing decline in the proportion 
of the capital in modern industry owned by 
foreigners.^
Accumulation of reserves
Up to 1975, Australian currency was used in 
Papua New Guinea. Negotiations are currently in progress 
to determine the amount of reserves to be allocated to 
Papua New Guinea from 1976. It has been assumed that 
$60m (Australian dollars, 1968/69 prices) will be allocated 
from Australia's reserves, amounting to approximately 
25% of annual imports. In any year beyond 1976, the 
actual stock of reserves R(t) held at the end of each 
year is calculated as follows:
Let M (t) be the annual flow of imports net of 
customs duty. The desired stock of reserves is:
R±(t) = 0.25 (M(t-l)) (10.1)
The planned change in reserves is set to approach this 
value smoothly, allowing for any previous unplanned changes 
in reserves. The planned level R2(t) is:
R2(t) = R(t-l) + (0.2) [R (t)-R(t-l)] (10.2)
The final, or actual, level of reserves R(t) will be 
the planned level R2(t), less any unplanned deficit 
between receipts and expenditures. Such a deficit (or 
surplus) may arise in any year as planned expenditures
1 The changing pattern of ownership of the modern 
industrial sector in the basic projection is shown 
in Chart 11.4.
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are set equal to expected receipts which may not be 
realised: for example an exogenously determined fall
in export prices may reduce tax revenue from the major 
projects.
Section 10.4: Balancing receipts and outlays
Some of the components of government receipts, 
such as indirect or income taxes and taxes on the profits 
of modern industry and plantations, can be expected to 
increase steadily over the projection period. In 
contrast, revenue from the major natural resource based 
projects can be expected to fluctuate quite markedly. 
Short-term fluctuations in revenue due to cyclical 
movements in export prices can be countered by the 
maintenance of stabilisation funds, but there will be 
other large changes in the flow of revenue at the 
commencement or end of the production phase of individual 
major projects. Foreign aid depends on outside influences, 
and may not follow a smooth time path over a long-term 
period.
On the other side of the account, there will 
be discontinuities in outlays for purchase of ownership 
in the major projects, coinciding with the construction 
phase of each project. At the same time, it is clearly 
desirable to maintain a steady growth of expenditure 
for the provision of education, infrastructure and lending 
to promote the growth of smallholder agriculture. A 
reasonably steady growth of these components of expenditure 
can be maintained by adjusting net borrowing, or net 
investment in plantations and modern industry to offset 
discontinuities in the remaining items of incomes and 
outlays.
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The model has been designed to compare strategies 
where some or all of these components are adjusted to 
balance total planned outlays and expected receipts.^
In the strategies considered in this study, the balance 
in any year of the period is achieved by adjustments in 
net borrowing from abroad. Plans for the phasing of 
changes in shares of government ownership in plantations 
and modern industry are treated as distinct long-term 
strategy decisions (see Section 10.3): the actual
expenditure required to implement these plans is derived 
within the model from the projected growth of those 
sectors.
Government borrowing from abroad in any year
is then determined by the deficit between the sum of
planned outlays and expected receipts from sources other
than borrowing. The expected revenue in any year is
calculated by extrapolating the growth of domestic
2revenue in previous years, then adding the amount of 
foreign aid assumed to be known at least one year in 
advance.
1 A simple adaptation would permit the model to 
investigate the implications of adjusting the provision 
of infrastructure in each year to balance the difference 
of other items in the government account.
2 The formula used for extrapolation was:
Xe(t) = 4 Ia(t-1) + 2 Ia(t~2) + 1 Ia(t~3) (1°*3)
I (t-1) 7 I (t-2) 7 I (t-3) 7 I (t-4)a a a a
where I (t) and I (t) are actual and expected
domestic receipts in year (t). The use of alternative
formulae would yield to slightly altered patterns
of fluctuations in reserves and indebtedness, but
would have no effect on other variables projected
by the model.
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The net indebtedness in any year is then 
calculated as follows:
D(t) = D(t-l)[1 + r (t)] + B(t) (10.4)
where: D(t) is net indebtedness in any year;
B(t) is net borrowing;
r^(t) is the international rate of interest.
The model can be used to compare different 
combinations of long-term strategies in terms of the 
projected time paths of net indebtedness. Alternatively, 
the simulation model can be used to select strategy 
combinations that result in some desired time path for 
indebtedness. In all of the comparisons discussed in 
detail in subsequent chapters, it has been assumed that 
strategy decisions will not be made in isolation; 
combinations of long-term strategies are chosen so that 
net indebtedness at the end of the projection is less 
than 15% of total annual government expenditure. Total 
expenditures need not equal total receipts (excluding 
borrowing) in any particular year of the projection period, 
so the time path of indebtedness may be considerably 
above or below zero for most of the period. However the 
time paths of receipts and expenditures are to be selected 
so that total outlays are approximately equal to total 
income over the whole of the projection period.
The model can be used to explore a large number 
of ways of adjusting the long-term growth of various 
components of revenue or expenditure. For example, 
all expenditures could be adjusted upward or downward in 
proportion to achieve a specified level of government 
debt at the end of the period. In most of the strategy 
combinations considered in the following chapters, any 
necessary adjustment is made in the planned provision
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of infrastructure. In each case, a smooth expansion of 
expenditure on infrastructure is specified, with the 
time path being moved up or down as other components 
of receipts or expenditures are altered by other aspects 
of strategies, or by exogenous influences.
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CHAPTER 11
THE BASIC PROJECTION
Section 11.1; Introduction
The preceding chapters have described the working 
of the various parts of the model. The derivation of changes 
in the population or the economy within each of these 
submodels depended on variables derived in other submodels 
as well as on the choice of long-term strategies by the 
government and other exogenous influences. The first object 
of this chapter is to make the model 'come alive'; all of 
the submodels are brought together to simulate the changes
Iin composition of the population, pattern of production 
and distribution of income over a forty year period from 
1966 to 2006.
Although care has been taken to make the parameter 
settings and assumptions about exogenous influences as 
realistic as possible, the time paths presented in this 
chapter are not put forward as the best available prediction 
of long-term trends in Papua New Guinea. Nor is it meant 
to suggest that the combination of strategies used to 
generate this particular simulation is acceptable to the 
Papua New Guinea government, let alone optimal in any sense. 
Accordingly, no comments will be made on whether particular 
time paths of variables are high, low or 'realistic'; 
no such inferences can be drawn from any single projection.
The second, and perhaps more important, objective of 
presenting a 'basic' projection from the model in this chapter 
is to provide a benchmark for comparing projections corresponding 
to alternative choices of long-term strategies under a range 
of conditions.
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The fields of decision-making considered in this 
study were listed in Chapter 3, and a 'basic' strategy 
choice in each of these fields has been specified in the 
descriptions of submodels in Chapters 4 to 10. These 
strategy choices are summarised below (indicating the 
Sections where each was discussed in detail):
Education: Universal primary education to be achieved by
1990, with one in five successful primary school leavers 
admitted to secondary school. Expansion of Senior High 
Schools and tertiary institutions to cater for the growth 
of demand for professional and subprofessional employment. 
(See Section 5.1).
Provision of infrastructure: Employment and expenditure
on industrial products by the government for the provision 
of infrastructure to grow at 5.5% from 1976 to 1981, with 
the growth rate falling to 3.5% by 1986. (See Section 10.3). 
Rural smallholders: Loans to finance investment in
smallholder agriculture are to be related to the amount of 
net investment financed from savings out of rural incomes.
The proportion of loans to total net investment in these 
sectors is to rise to 33% by 1982. No taxes are levied on 
rural smallholder incomes (See Section 8.2).
Plantations; No new net investment is to take place after 
1976. Foreign owners of plantations are to be bought 
out by the government over 25 years. The annual rate of 
return on capital is to be limited to 9%. (See Section 
8.3) .
Major natural resource based projects: A second copper­
mining project, 33% larger than the Bougainville project, 
is to commence construction in 1980. The government is 
to acquire a 20% shareholding and the annual rate of return 
to capital is to be limited to 10% for both projects.
(See Section 8.5).
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Small-scale industry: Government policy to ensure that
the growth of this sector is not limited by lack of demand, 
but no lending to these sectors is considered in this 
study. (See Section 8.6).
Modern industry: The share of government ownership is
to change over the period as outlined in Section 10.3. 
Foreign investment to be permitted to finance capital 
requirements not met from domestic savings. The annual 
rate of return on capital to be limited to 9%. (See 
Section 8.7).
Wage incomes: After 1978 unskilled wages (in real terms)
are to increase at the same rate as the productivity of 
labour in modern industry. Wage differentials by skill 
level are to be reduced if the number of indigenous people 
eligible for higher skill levels exceeds the number of job 
opportunities at these levels. Expatriate wages are to 
remain constant (in real terms). Income tax rates are to 
increase with increasing wage rates. (See Section 9.2). 
Borrowing from abroad: Total receipts (excluding borrowing)
need not be equal to total outlays in every year of the 
projection period: the difference is made up by net
borrowing. However, the basic strategy for the provision 
of infrastructure is designed so that total receipts 
(excluding borrowing) are approximately equal to total 
outlays over the whole period, so net indebtedness is close 
to zero at the end of the period. (See Section 10.4).
The basic projection of the time paths of economic 
and demographic variables is generated by the simulation 
model from these strategy choices, and from assumed time 
paths for a number of exogenously determined influences
223
such as the flow of foreign aid. The main features of 
the projected changes are as follows:
The indigenous population grows at an average 
rate of just over 3% p.a., from 2.15 million in 1966 to 
6.88 million by 2006, with the proportion under 15 
remaining above 40%. The educational composition of the 
adult population is transformed: the proportion with at
least primary education completed rises from 5% to 70% 
over the forty-year period, while the expansion of higher 
education allows the replacement of most expatriates by 1985.
Over 75% of the workforce remains in rural areas 
at the end of the period. Wage employment expands at an 
average rate of 3.5%, rising from 13% to 16% of the total 
workforce. The urban population grows six-fold over the 
projection period, from 11% to 22% of the total population. 
The most rapid increase in the proportion in urban areas 
takes place in the first half of the period, and the 
proportion of the urban workforce not in wage employment 
(mostly self-employed in the urban informal industrial 
sector) increases markedly in those years. This proportion 
remains between 30-35% over the second half of the period 
after the rate of migration has adjusted to the rate of 
growth of job opportunities in the modern sectors of the 
economy.
Subsistence production per head of rural population 
is assumed to remain constant in the basic projection, while
These assumptions have been presented in the descriptions 
of submodels; some of the more important assumptions 
will be reiterated in the following sections of this 
chapter.
1
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monetary sector production grows at an average rate of 
nearly 5% p.a. so that cash incomes per head more than 
double over the forty years. The proportion of monetary 
sector income accruing to foreigners declines from nearly 
50% in 1966 to 20% by 1986 and to just over 11% by 2006.
The growth of the economy generates an increasing flow of 
domestic revenue and the proportion of total revenue 
represented by foreign aid falls from well over 50% in 1976 
to 10% by the end of the period. The distribution of 
indigenous incomes becomes more unequal up to 1981 as a 
consequence of rapid wage increases. Beyond 1981 the 
distribution becomes more equal as wage increases are limited 
to increases in productivity, while rural smallholder output 
grows rapidly in the basic projection.
The balance of trade reflects the impact of the 
two major copper-mining projects. Imports greatly exceed 
exports during each construction phase with a positive 
balance as each project commences production. Despite a 
rapid growth of agricultural exports, the balance of 
trade becomes slightly negative towards the end of the 
period with the decline of exports from the Bougainville 
copper project.
The derivation of these results is presented in 
a connected sequence of tables and charts, emphasising the 
interdependence of economic and demographic changes.^
The order of discussion follows the direction of linkages 
shown in Diagram 11.1, starting with the derivation of
1 To assist the reader in referring to these results
while following the text, the tables and charts discussed 
in this and all subsequent chapters have been bound 
in Volume II. All references to these will use table 
and chart numbers. (Diagram 11.1 repeats Diagram 3.1).
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time paths of economic variables. Section 11.2 deals 
with the growth of production and employment, indicating 
the influence of government strategies on each sector of 
the economy. Section 11.3 sets out the changes in personal 
incomes and expenditures associated with the growth of 
the economy, showing the effect of replacing expatriates 
by indigenous workers. Section 11.4 presents the time 
paths of variables usually presented in national accounts, 
highlighting the effect of the major projects on the time 
paths of government receipts, expenditures and indebtedness 
and on the balance of payments over the long-term projection 
period.
The next three sections summarise the effects of 
the changes in the economy on the size and composition 
of the population. Section 11.5 discusses the expansion 
of the education system and the resulting transformation in 
the educational composition of the population. Section 11.6 
deals with the pattern of rural-urban migration as influenced 
by differences in income levels and the rate of growth of 
wage employment. Section 11.7 examines the effect of 
migration on the composition of the workforce and on incomes 
per head in either location. These changes then affect 
the subsequent rates of migration and the rate of growth 
of population, which in turn influences rates of saving 
and the pattern of economic growth.
In the concluding Section 11.8, a limited subset 
of variables is identified: the time paths of these
variables, as derived in the basic projection, will be 
used repeatedly in later chapters to examine the effect 
of altering the assumptions about strategy choices and 
exogenous variables made in this chapter.
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Section 11.2: Production and employment
The projected growth of value added in each
sector of production is presented in Table 11.1. The
total value of monetary sector production, expressed in
1968/69 prices,^ rises at an average annual rate of growth
of just below 5%. As the total population is projected to
grow at 3% p.a. over the same forty-year period, monetary
incomes per head increase at 2% p.a. from $130 in 1966 to 
2$280 by 2006. Table 11.1 also shows the percentage of
total production in each sector, while Chart 11.1 provides
a further indication of the changing relative importance
3of these sectors. The derivation of these changes will 
now be discussed taking each sector in turn.
Government sector
The growth of government expenditure is presented 
in some detail in Table 11.2. The number of teachers and 
the demand for industrial products required to implement 
the basic strategy for the provision of education are 
calculated from the growth of enrolments corresponding to
1 All values of production and income in this and all 
subsequent projections are expressed in terms of 
Australian dollars at 1968/69 prices.
2 Subsistence incomes per head of the rural workforce 
are assumed to remain constant in the basic projection. 
As a higher proportion of the population moves to 
urban areas, subsistence incomes per head of total 
population falls from $100 to $90 over the projection 
period. Total incomes per head including subsistence 
incomes rise from $230 to $370 by 2006.
Chart 11.1 shows the cumulative percentages of 
production by sectors, rather than individual 
percentages over the period, in order to avoid 
frequently intersecting time paths.
3
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this strategy (set out in Table 11.14). The basic 
strategy for the growth of government employment and 
expenditure on industrial goods and services for the 
provision of infrastructure was specified in Section 11.1.
The government wage bill^ for the provision of education 
and infrastructure constitutes its direct addition to value 
added in Table 11.1, while the expenditure on industrial 
products contributes to demand and hence to value added 
in the industrial sectors.
Chart 11.1 shows that the percentage of total
value added by the government sector falls over the first
half of the period as the major natural resource based
projects commence production in 1972 and 1982. Government
expenditure on education and infrastructure grows at an
2average rate of almost 3.6% p.a. during the second half 
of the period. This is approximately equal to the growth 
rate of total monetary sector product for those years, so 
the government sector's contribution remains around 12% 
beyond 1986.
Smallholder agriculture
Chart 11.1 and Table 11.1 show that the smallholder 
agricultural sectors producing food and export cash crops 
expand rapidly over the projection period. The growth of 
output is derived from the accumulation of capital, with 
allowance for an increase in the productivity of capital
1 The wage bill is calculated from the time paths of wage 
rates determined by government strategy; the derivation 
of changes in wage rates (shown in Chart 11.6) is 
discussed in Sections 11.3 and 11.5.
2 This rate exceeds the rate of growth of population, and 
expenditure on infrastructure grows from $62 in 1966
to $78 per head by 2006.
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due to the provision of infrastructure by the government, 
and improvement of the educational composition of the 
rural workforce over the period.'*" As a result of these 
allowances, the capital/output ratio in smallholder 
agriculture falls from 1.13 in 1966 to 0.96 by 2006 in the 
basic projection, so that output expands faster than the 
stock of capital. The derivation of investment out of 
rural incomes will be described in Section 11.3. Additional 
investment is financed by government lending to smallholders 
which rises to 33% of total net investment in these sectors. 
The importance of this lending in promoting the rapid 
growth of these sectors will be demonstrated in Chapter 14, 
by comparing the effect of an alternative strategy on 
lending.
Table 11.1 indicates that the production of food
crops expands relatively faster than the production of
export crops by smallholders, as the volume of loans to
food producers increases more rapidly according to the
2basic strategy concerning lending to smallholders.
The output of food increases more rapidly than the growth 
of the demand for food outside the subsistence sector; 
as a result the proportion of this demand met from imports
1 The changing educational composition of the rural 
workforce is shown in Chart 11.12, and the factors 
influencing this transformation are discussed in 
Section 11.6. The rise in productivity due to 
improvements in education depend on the assumed 
parameter values that were presented in Table 8.1. 
The effect of assigning alternative values to these 
parameters will be investigated in Sections 12.6 and 
16.3.
2 Full details of the basic strategy on government 
lending to smallholders were set out in Section
8 .2.
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falls from 84% to 38% over the projection period.
Plantations
Chart 11.1 shows that the relative importance 
of the plantation sector declines over the period, as it 
is assumed that no new net investment takes place in this 
sector after 1976. Chart 11.2 shows the changing pattern 
of ownership resulting from the government strategy on 
buying out foreign owners, and the acquisition of plantations 
by rural smallholders.
The time paths of production and employment on 
plantations are determined by the stock of capital and the 
strategy on wages, according to a constant elasticity of 
substitution production function described in Section 8.3.
The basic strategy on wages allows for a rapid rise in 
plantation wages from 1975 to 1982, after which wages rise 
in line with increases in productivity. Chart 11.3 indicates 
changes in factor/output ratios due to the rapid change 
in relative factor prices up to 1982. In the latter half 
of the period both capital/output and labour/output ratios 
decline as productivity rises, allowing a marginal increase 
in the output produced from the fixed stock of capital.
Natural resource based projects
The time paths of investment and production from 
the two major copper projects considered in the basic 
projection were discussed in Section 8.5.-*- The provision 
of employment during the construction and production phase 
of these projects, derived from fixed coefficients (set out 
in Table 8.5), is shown in Table 11.5. Chart 11.1 indicates
1 See Chart 8.1 for the phasing of the Bougainville project.
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the relative importance of these projects in the economy 
of Papua New Guinea. Their contribution to total monetary 
sector product rises to above 30% during the 1980s when 
both projects are at the peak of their production phases.
The relative importance of these projects begins to decline 
by 1990. The output from Bougainville falls gradually 
while the industrial sectors continue to expand rapidly, 
boosted by the growth of government spending made possible 
by the revenue generated by these projects.
The impact of the phasing of these projects on 
government revenue and on the balance of trade are examined 
in Section 11.4. The implications of alternative strategies 
regarding the introduction of such projects and strategies 
concerning ownership and taxation are studied in Chapter 15, 
where the introduction of a major export-oriented industrial 
project based on hydro-electric power is considered.
Small-scale industrial sectors
The rapid growth of rural and urban small-scale 
industry, shown in Table 11.1, is derived from the accumulation 
of capital financed by the savings of participants. As in 
the smallholder agricultural sectors, allowance is made 
for an increase in the productivity of capital in small- 
scale industry due to the provision of infrastructure by 
the government and changes in the educational composition 
of participants in either location. As a result of these 
factors, the capital/output ratio falls from 1.27 to 1.09 
by 2006 in rural small-scale industry, and from 1.27 to 
1.06 in the urban informal sector. Productivity in the 
urban sector increases more rapidly because of the faster 
improvement in the educational composition of the workforce 
in urban areas. This difference arises as rural-urban 
migration is dominated by persons with higher educational 
qualifications (see Section 11.6).
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As explained in Chapter 2, small-scale industry 
has just started from a very small base in Papua New 
Guinea. Despite the rapid expansion of these sectors shown 
in Table 11.1, their combined output does not increase to 
more than 7% of total domestic industrial production by 
the end of the projection period, with the bulk of demand 
being met by the modern industrial sector (see Table 11.4). 
However, the output of rural small-scale industry does
expand more rapidly than the demand for industrial goods 
generated by expenditure out of rural indigenous incomes; 
the share of this demand met by rural small-scale production 
rises from 10% to 24% by the end of the projection period.
Modern industry
Modern industry remains the largest monetary 
sector of the economy in terms of employment and production 
throughout the forty-year period. Growth of production in 
this sector is derived from growth of demand: Table 11.3
presents the growth and changes in the relative importance 
of various components of final demand. The share of total 
consumer demand increases gradually over the period. 
Consumption by expatriates becomes an insignificant 
component during the 1980s as expatriates are replaced by 
qualified Papua New Guineans entering wage employment at 
the higher skill levels. Consumption by rural smallholders, 
on the other hand, increases in importance throughout 
the period, reflecting the rapid increase in the output of 
smallholder agriculture shown in Table 11.1.
The demand for industrial products generated by 
investment in modern industry itself, is derived within 
the model from the growth of other components of final 
demand. Except for the years coinciding with the
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construction phase of either major project (1971 and 1981), 
Table 11.3 indicates that investment in modern industry 
dominates total investment demand and represents a large 
component of the total demand for industrial goods and 
services: the accelerator mechanism plays an important
role in determining the growth of modern industry.
Table 11.3 also indicates that the demand for industrial 
goods and services generated by government expenditure 
on providing education and infrastructure remains the 
largest single component of final demand. Export demand, 
assumed to grow at 3% p.a. beyond 1976,^ declines in 
relative importance as the total production of modern 
industry expands at an average rate of 4.65% in the basic 
projection.
The time path of total demand, including 
2intermediate demands, as well as the above components
of final demand, is show in Table 11.4. The corresponding
time path of domestic production is derived from the
assumed rate of import content for each component of
3demand for industrial products. The share of domestic 
production accounted for by small-scale industry in either 
location is derived from the accumulation of capital in
1 The nature of industrial exports has been discussed 
in Section 8.7.
2 Intermediate demands generated by domestic production 
of industrial goods, plantations and major projects 
are determined from coefficients derived by Parker 
(1973), set out in Appendix 1.
3 As the size of the market expands and urban infrastructure 
improves, the import contents of components of demand
for industrial products are assumed to decline over 
the period, as shown in Table 8.5. The sensitivity of 
the projections to an assumed faster rate of import 
replacement will be considered in Section 12.5.
233
these sectors. Government policy is assumed to ensure 
that their production is not limited by lack of demand, 
and modern industry supplies the remaining share of 
domestic production.
The capital and labour required to cater for 
the growth of production are derived from the constant 
elasticity of substitution production function described 
in Chapter 8. The accumulation of capital is financed 
from three sources. The changes in the share of government 
ownership in modern industry shown in Chart 11.4 were 
specified as part of the basic combination of strategies. 
Chart 11.4 also shows the increase in private domestic 
ownership purchased by savings out of incomes of Papua New 
Guinean wage employees. The remaining share is owned by 
foreigners; the modern industrial sector is assumed to 
have access to overseas capital markets, so that foreign 
investment finances any capital requirement not met by 
domestic savings in any year of the projection period.
The capital/labour ratio rises from 9.6 to 11.8 
over the period 1966 to 1981 when real wages rise far more 
rapidly than increases in productivity. The ratio then 
falls gradually as expatriates are replaced by Papua New 
Guineans employed at lower wage rates, which increase in 
line with the productivity of labour in modern industry. 
The capital/labour ratio declines to 10.0 by 2006 so that 
there is little net substitution of capital for labour.^-
1 Cf. the pattern for the plantation sector shown
in Chart 11.3. The rise in plantation wages is even 
more rapid than in modern industry up to 1982, and 
there is little scope for lowering the average cost 
of labour through indigenisation as most labour is 
employed at the unskilled level.
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However, total employment grows at an average rate of 3.9% 
p.a. while production grows at 4.65% p.a.s the fall 
in the labour/output ratio is almost entirely accounted 
for by the rise in productivity brought about by provision 
of infrastructure.
The growth of wage employment
Table 11.5 presents the time paths of wage 
employment in the modern sectors of the economy. Modern 
industry and government services are the major providers 
of employment. Employment on plantations declines in 
relative importance, and the employment directly provided 
by the major projects represents an insignificant proportion 
of total wage employment. The total number of persons in 
wage employment increases at an average rate of 3.5% p.a. 
This is just above the rate of growth of the population, 
so the percentage of the total workforce increases only 
slightly from 13% to 16% over the projection period. The 
growth rate of wage employment is well below the 5% p.a. 
average growth of total monetary sector production for two 
reasons: the small-scale sectors relying on self-employment
are the fastest-growing sectors of the economy,^ and 
labour/output ratios fall in the sectors providing wage 
employment as productivity of labour increases by a factor 
of 1.25 over the forty-year period.
Table 11.6 presents the changes in the skill 
composition of wage employment, and the proportion of
Table 11.1 indicates the share of value added 
contributed by smallholder agriculture and small- 
scale industry rises from 9.6% to 21.7% in the basic 
projection.
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Papua New Guineans employed at each skill level. Changes 
in the skill composition are derived from an assumed 
upgrading in the composition of employment in each sector.^ 
The upward trend in the proportions employed at higher 
skill levels is reinforced by the relative decline of the 
plantation sector where almost all employment is at the 
unskilled level. The replacement of expatriates is derived 
by the model from the expansion of highly educated manpower 
in relation to job opportunities. Changes in the composition 
of employment by skill level will be discussed in more 
detail in Section 11.5 following the presentation of 
changes in the educational composition of the population.
Section 11.3: Personal incomes and expenditures
Incomes
The determination of personal disposable monetary
2incomes is summarised in Table 11.7 while Chart 11.5 
illustrates the changes in the share accruing to various 
groups over the projection period. The share of expatriates 
falls very rapidly while the share of the wage bill of 
indigenous employees increases throughout the period. 
Employment of Papua New Guineans increases fourfold and 
the average wage rate more than doubles from 1966 to 2006. 
The wages paid to unskilled employees rise at the same 
rate as the productivity of labour in modern industry.
1 See Tables 8.2, 8.3 and 8.6.
2 Subsistence production per head is assumed to remain 
constant per head of the rural population in the 
basic projection. The effects of a fall in subsistence 
production per head will be considered in Section 12.3.
236
The average wage rate increases more rapidly as an increasing 
proportion of indigenous employees enter jobs at higher 
skill levels.^ "
The proportion of wage incomes redistributed
to rural residents and to help support urban residents
not in wage employment is assumed to fall over the projection 
2period. As this proportion declines, more of wage incomes 
not spent on consumption are invested to acquire a share 
of ownership in the modern industrial sector, and dividends 
accruing from this share come to represent an increasingly 
important contribution to the incomes of wage employees 
(see Table 11.7).
Although remittances represent a declining 
proportion of wage incomes, the absolute amount increases 
throughout the period, and Table 11.7 shows that the sharing 
of incomes continues to make an important contribution 
to the incomes of the urban self-employed. On the other 
hand, the comparable flow of remittances to rural residents 
represents a far smaller share of rural incomes. Over 
80% of rural disposable income is generated from smallholder 
agriculture. Table 11.7 also shows the small but increasing
1 See Chart 11.6. The wage rate for unskilled employment 
on plantations is specified as a proportion of the 
corresponding wage in the other sectors (see Section 9.1). 
The determination of the decline in wage differentials 
shown in Chart 11.6 from the demand and supply of 
educated manpower will be explained in Section 11.5.
The absolute decline in higher level wages in the 
initial years are in real terms only.
2 As explained in Chapter 9, the traditional links 
between those established in modern sector employment 
and either rural dwellers or urban self-employed are 
assumed to weaken over time, with a corresponding 
reduction in the proportion of wage incomes remitted 
to these groups.
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share of rural incomes from small-scale industrial 
activities, and the flow of dividends from the rural 
smallholders' share in the plantation sector (see Chart 
11.2).
Turning to the changes in the distribution of
income, Table 11.9 shows that the concentration ratio'*'
of indigenous monetary incomes first increases, then
declines over the forty-year period. The proportion of
indigenous personal incomes accruing to rural smallholders
falls from 27% in 1966 to 25% in 1981. During this period,
the growth of the urban wage bill, boosted by large
increases in real wages, outstrips the growth of rural
incomes. Beyond 1981, the proportion of cash incomes going
to villagers rises steadily to 35% by the end of the period
as cash crop production continues to expand rapidly, while
the proportion of the workforce self-employed in rural
2areas falls gradually. At the same time urban wage 
increases are limited to match increases in productivity 
so that rural incomes per head increase more rapidly (see 
Table 11.8), tending to equalise the distribution of 
income.
Table 11.9 also presents the time path for the 
concentration ratio of urban incomes. Following a rapid 
increase in the first half of the period, the ratio
1 The definitions of the concentration ratios used to 
compare the effects of strategy options in this study 
are set out in Section 9.2.
2 Changes in the composition of the indigenous workforce 
are summarised in Charts 11.13 and 11.14. The 
derivation of these changes, taking into account 
changes in the distribution of income, will be discussed 
in Sections 11.6 and 11.7.
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shows little change beyond 1986. This pattern reflects 
changes in the proportion of the urban workforce not in 
wage employment, receiving considerably lower incomes 
per head. Table 11.8 indicates that remittances from wage 
earnings are not sufficient to close the gap between the 
incomes of those in or out of wage employment.
Expenditures
The time paths of incomes per head shown in Table 11.8 
are derived from the total incomes of each group shown in 
Table 11.7 by allowing for the number of workers in each 
group and the number of dependants supported by each group.^
The model allows for changes in the pattern of expenditure 
out of disposable incomes as incomes per head rise over 
the projection period. Chart 11.7 shows the gradual 
increase in the proportion of indigenous incomes saved, 
and the decline in the proportion of consumption spent on 
purchases of food outside the subsistence sector. Chart 11.7 
also illustrates the effect of the departure of expatriates 
on the pattern of consumption. The proportions of income 
spent on food and industrial goods by expatriates earning 
higher incomes is lower than the corresponding shares for 
consumption out of indigenous disposable incomes. The 
proportion of all disposable incomes consumed rises over 
the first half of the period as the indigenous share of 
total disposable incomes increases rapidly (see Chart 11.5).
1 In addition to children etc. outside the workforce, 
the model assumes that the unemployed members of 
the urban workforce will be directly supported by 
wage-earners (cf. the indirect support of self- 
employed) .
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The shares of disposable incomes consumed then fall over 
the latter half of the period as indigenous incomes per 
head continue to increase.
The rising demand for food outside the subsistence 
sector is reflected in the time path of the balance of 
trade, when allowance is made for the growth of smallholder 
production to meet some of this demand (see Table 11.10).
The consumption of industrial goods and services boosts the 
expansion of the industrial sectors as discussed in the 
preceding Section 11.2. Investment demand for industrial 
production is also created by the reinvestment of savings 
out of personal incomes. The savings of the urban self- 
employed are used to build up capital in urban small-scale 
industry. Some of rural savings are reinvested in small­
holder agriculture and in rural small-scale industry.^
The use of savings out of rural incomes and urban wage 
incomes to purchase shares of ownership in the modern 
sectors of the economy is reflected in the subsequent 
flow of dividends shown in Table 11.7, while the repatriation 
of savings by expatriates shows up in the balance of 
payments account presented in Table 11.13.
1 The assumptions used to allocate rural savings in 
the basic projection were set out in Section 9.5.
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Section 11.4; National accounts
This section summarises the changes in the 
structure of the economy by examining the time paths of 
indicators usually included in conventional presentations 
of national accounts. The time paths of value added in 
each sector in the basic projection were presented in 
Table 11.1.
The discussion of the growth of demand in relation 
to production in Sections 11.2 and 11.3 is brought together 
in Table 11.10 which sets out the time paths of expenditure 
on the gross monetary sector product. Rows 1 and 2 show 
the rise of consumption demand; the increase in the 
proportion of consumption on industrial products is also 
shown in Chart 11.7. Comparison of rows 1 and 10 indicates 
the decline in the proportion of imports relative to the 
total demand for food outside the subsistence sector.
Row 3 shows the relative importance of investment in the 
major natural resource based projects during the years 
coinciding with each construction phase (1971 and 1981).
Row 11 indicates that these large, but temporary increases 
in demand result in considerable 'spillovers' to imports of 
industrial products in the corresponding years. Row 4 
shows the time path of other investments: almost 80%
of this is investment to cater for the growth of modern 
industry, which is derived from the growth of the other 
components of demand for industrial products, as explained 
in Section 8.7.
1 Of the remaining 20%, about 15% is accounted for 
by investment in smallholder agriculture, and 
about 5% by investment in small-scale industry.
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Rows 5 and 6 of Table 11.10 show the relative 
importance of government expenditure. The government 
wage bill represents a direct addition to value added 
(see Table 11.1), while the demand for goods and services 
contributes to value added in the industrial sectors.
Rows 7 to 9 present the changing composition of exports;^ 
the ratio of exports to total monetary sector income 
rises from around 30% prior to the commencement of exports 
from Bougainville, to nearly 60% in 1986 when both projects 
are producing at peak capacity. The ratio of exports to 
total monetary sector income then falls gradually to 40% 
by 2006, as exports of copper decline and domestic final 
demands continue to increase, boosted by the indirect 
effects of these projects. It is interesting to note that 
as smallholder agricultural output grows rapidly in the 
basic projection (see Table 11.1), agricultural exports 
exceed exports from the two copper projects by the end 
of the projection period. The continuing dependence of 
Papua New Guinea on imports is indicated by rows 10 and 11, 
showing that the ratio of imports to total monetary income 
remains almost constant around 45% after the end of the 
construction phase of the second major project. The share 
of food imports declines, while the ratio of industrial 
imports to total monetary income rises slowly over the 
latter half of the period.
1 A considerable number of commodities are included 
in the category of industrial goods and services, 
so it is possible to have imports and exports of 
different commodities in this category in any year. 
The nature of industrial exports from Papua New 
Guinea has been described in Section 8.7.
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Table 11.11 presents the changes in the 
disposition of gross monetary sector product in the basic 
projection; the cumulative shares of the various components 
are also illustrated by Chart 11.8. In addition to changes 
in personal incomes (discussed in Section 11.3), Chart 11.8 
shows the declining share accruing as dividends to foreigners 
The proportion of dividends paid abroad to total monetary 
sector income declines from a peak of 36% in 1973 (before 
the renegotiation of the Bougainville copper agreement) 
to around 11% by the end of the period.^ The decline is 
partly due to the falling share of foreign ownership in 
plantations (see Chart 11.2) and modern industry (see 
Chart 11.4), and partly to the decreasing relative 
importance of the major projects in the growth of the economy
These factors are also important in bringing 
about changes in the composition of domestic revenue.
Table 11.12 indicates the contribution of revenue from 
the copper projects to the rapid increase in government 
revenue from 1971 to 1986. Part of the revenue from the 
projects is used to increase the government's ownership of 
the modern industrial sector, and the dividends from this 
sector become an important source of government receipts in 
the second half of the period. Tax revenue generated from
With the rapid indigenisation of the workforce the 
total share accruing to foreigners (wages + dividends) 
declines even more dramatically, from nearly 50% 
in 1966 to 20% by 1986 and to just over 11% by the 
end of the period.
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the growth of modern industry also increases rapidly: 
total revenue from this sector exceeds the revenue from 
the major projects by the closing stages of the projection 
period. Table 11.12 indicates that the purchase of shares 
in the modern sectors of the economy represents a large 
part of total outlays during the 1980s. The acquisition 
of ownership in modern industry then ensures a continued 
growth of domestic revenue that allows for a steady growth 
of expenditure on the provision of education and 
infrastructure.
As domestic revenue increases, foreign aid is 
seen to have a progressively less important role, falling 
from 76% to 10% of domestic revenue by the end of the 
period. However the flow of aid does make an important 
contribution to the growth of the economy - the role of aid 
will be explored in Section 12.2, where the effects of a 
sharp cutback in foreign aid will be compared to the 
gradual decline assumed in the basic projection. The 
potential importance of lending to rural smallholders which 
appears as a very small proportion of the budget, will be 
examined in a further series of comparisons in Chapter 14.
Table 11.12 shows that total receipts exceed 
total outlays in some years of the projection period, while
1 The rate of tax on profits rises gradually from
20% to 40% over the latter half of the period. Wage 
rates increase at the same rate as the productivity 
of labour, so that the rate of profit before tax is 
gradually increased by simultaneous rise in the 
productivity of capital resulting from the provision 
of infrastructure. The increasing rate of tax is 
then derived from the government strategy to allow a 
constant rate of return in terms of profits after 
tax to owners of capital.
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borrowing is required to finance expenditures in other 
years. However, total outlays are approximately equal to 
total receipts (excluding borrowing) over the forty-year 
period and net indebtedness is close to zero at the end 
of the period.^ Chart 11.9 presents the time path of net 
indebtedness in the basic projection, derived by setting 
net borrowing equal to the difference between total 
outlays and receipts in each year, and allowing for 
interest on outstanding net indebtedness from the preceding 
year.
To conclude this section, Table 11.13 draws 
together the effects of changes in the structure of the 
economy on the balance of payments. This table clearly 
indicates the major impact of the two copper projects on 
a number of other economic variables. Imports far exceed 
exports during the construction phase of each project 
(1971 and 1981), with a positive balance of trade as the 
projects enter their production phases. The balance 
of trade becomes negative once again towards the end of 
the period with the decline of exports from the Bougainville 
copper project. It is interesting to note that net foreign 
investment is negative in the 1980s in the basic projection, 
as a part of the revenue from the major projects is used 
to increase the government's ownership of modern industry 
by acquiring shares held by foreign owners.
The basic strategy for the steady growth of 
provision of infrastructure was selected to achieve 
this long-term balance, allowing for the effects 
of all government strategies on various components 
of receipts and expenditures.
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Section 11.5: Changes in educational composition
The next three sections discuss the effects of 
the changes in the pattern of production and distribution 
of income on the population. Changes in composition by 
education, location and workforce status will be considered 
in turn, concluding with the effects of these changes on 
the rate of growth of the total population.
The growth of enrolments, staff and expenditure 
requirements to cater for the growth of the education 
system are derived by the sub-model of the education 
system according to the basic strategy for the provision 
of education. Table 11.14 indicates that a fourfold 
increase in enrolments over a 25-year period will be 
required to achieve universal primary education by 1990. 
Beyond 1990 the growth of primary enrolments keeps pace 
with the growth of population, which doubles every 25 
years at the average rate of population growth in the 
basic projection. Primary education accounts for the 
greater part of expenditure on the education system and 
once universal, primary education is achieved, the 
proportion of total government outlays devoted to 
education remains at around 16% over the remainder of the 
period (see Table 11.12). The time paths of expenditure 
in Table 11.14 reflect the differences in costs per pupil 
for various levels of education.'*' Tertiary institutions 
which account for just under 1% of total enrolments account 
for 13.5% of expenditure on education at the end of 
the period.
1 Costs per pupil in each institution are set out 
in Table 5.3.
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The changes in the composition of the adult 
population (15-60 years) by educational qualifications, 
brought about by the expansion of the education system 
are presented in Table 11.15 and Chart 11.10. These 
indicate the length of time required to bring about a 
major transformation in educational composition. The 
rapid progress towards universal primary education is 
reflected in the marked decline in the proportion with 
no formal qualifications. Nevertheless, approximately 30% 
of the adult population will not have had a full primary 
education at the end of the forty-year projection period.^" 
With one of every five primary school leavers being 
admitted to secondary schools, approximately 12% of all 
adults will have completed secondary education by 2006.
The expansion of tertiary institutions is geared to the 
demand for professional and sub-professional manpower in 
the economy and Chart 11.10 illustrates that graduates 
from these institutions represent a very small proportion 
of all adults throughout the projection period.
Table 11.14 shows that tertiary enrolments 
increase quite slowly beyond 1980, following a period of 
rapid expansion designed to allow speedy indigenisation 
of top-level positions. Charts 11.11(a) and (b) show 
that the growth of tertiary education is sufficient to 
replace, by 1985, most expatriates by Papua New Guinean
1 If the proportion of 7-yr olds to enter primary 
school is held at 80% from 1990 to 2006, the 
corresponding figure for the proportion of adults with 
less than primary education increases from 30% to 
45%. Other implications of such a 'restricted' 
strategy, as well as an 'accelerated' strategy for 
education, will be compared to the basic projection 
in Chapter 16.
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university graduates in professional jobs and by graduates 
from other tertiary institutions at the sub-professional 
level. Indigenous personnel with lower qualifications 
are replaced as they retire.
Once the phase of rapid indigenisation is over,
the annual flow of graduates from universities^ exceeds
the number of professional vacancies. Chart 11.11(b)
shows that some jobs at the sub-professional level would
be filled by persons with university degrees. In contrast,
the growth of the other tertiary institutions is adjusted
so that after expatriates are replaced, the increasing
supply of personnel with tertiary training is matched to
2the growth of demand for sub-professional manpower.
Chart 11.11(c) shows that only a negligible number of 
persons with tertiary qualifications need to find 
employment at a lower level.
Most jobs at the skilled level are progressively 
filled by secondary graduates. Chart 11.11(d) indicates 
that with 20% of primary graduates proceeding to secondary 
school under the basic strategy, a considerable number 
of secondary graduates 'spill over' to unskilled jobs
1 Total enrolment in universities remains constant 
beyond 1978 under the basic strategy for education.
2 In particular, the growth of primary and secondary 
teachers' colleges is matched to demand for teachers 
at the lower levels of the education system.
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in the latter half of the projection period. The number 
of job opportunities available to persons with lower 
qualification is considerably reduced. Chart 11.11(d) 
also shows the replacement of personnel with no formal 
qualifications from wage employment; this process is well 
under way by the time universal primary education is 
achieved in 1990. In the following Section 11.6, the 
changing composition of migrants to urban areas will be 
seen to reflect the changing prospects of finding wage 
employment for persons with different qualifications.
As explained in Section 7.4, the model allows 
for the emergence of some 'educated unemployment' as some 
people with high educational qualifications choose to remain 
unemployed rather than accept jobs below a certain skill 
level. The basic strategy on wage determination derives 
the reduction in wage differentials by skill level shown 
in Chart 11.6 from the emergence of such unemployment.
The reduction of differentials increases the incentive for 
accepting jobs at lower skill levels and the phenomenon 
of 'educated unemployment' does not emerge as a long-term 
problem in the basic projection.
The projected demand for skilled and unskilled 
employment is set out in Table 11.6. As there 
are approximately three unskilled jobs to every 
skilled position, the 25% of unskilled jobs held 
by secondary graduates at the end of the projection 
period represents nearly 40% of all secondary 
graduates.
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Section 11.6: The pattern of migration
The population in urban areas increases from 
0.25 million in 1966 to 1.49 million by 2006, rising from 
11.7% to 21.6% of the total population. Table 11.16 
indicates that the most rapid increase in the proportion 
of the population in urban areas takes place in the first 
half of the projection period. According to the model of 
migration described in Chapter 6, the high rate of migration 
in the early years of the projection period is a response 
to the considerable differential between the wage rate for 
unskilled employment and incomes per head in rural areas 
(see Table 11.9). The flow of migrants in these years 
exceeds the number of job opportunities to be filled, and 
the increasing probability of not finding wage employment 
reduces the incentive to migrate to urban areas in 
subsequent years. By the latter half of the period, the 
rate of migration adjusts to make up the difference between 
the natural increase of the urban population and the 
growth of demand for wage labour generated by the expansion 
of the modern sectors of the economy. Table 11.16 indicates 
that the proportion of the urban workforce not in wage 
employment increases rapidly up to 1986 but levels off to 
remain between 30% and 35% in the later years.
This process of adjustment is illustrated in 
Table 11.17 which sets out the derivation of changes in the 
expected incomes in either location. The first row 
indicates the present value of the income a potential 
migrant could expect in urban areas if he expected to be 
in unskilled wage employment over a time horizon of
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of six years. As the ratio of job-opportunities to the 
total number of wage job-seekers falls, as a consequence 
of rapid migration in the early years, the present value 
of expected incomes in urban areas is reduced to take 
into account the probability of not finding wage employment. 
The time path of the average present value of expected 
incomes shown in row 3 also takes into account the income 
per head in self-employment as an alternative source of 
income to wage employment in urban areas. Row 4 shows the 
corresponding time path of the present value of rural 
incomes. The value of subsistence production for each 
member of the rural workforce is assumed to remain constant 
in the basic projection, and the rise in rural incomes 
shown in Table 11.17 is due to the growth of smallholder 
cash cropping and small-scale industrial activities 
described in Section 11.2. In any year of the projection 
period, the rate of migration is determined from a 
comparison of expected income in both locations over the 
same time horizon. Table 11.17 shows that as the migration 
pattern adjusts to the changing conditions, the difference 
between the expected incomes oscillates around a small 
positive differential over the latter half of the period.
Government policies that affect the rate of 
growth of wage employment or alter the differential between 
urban wages and rural incomes per head, have an indirect 
influence on this process of adjustment. Chapter 13 
explores the long-term effects of alternative strategies
It is assumed that potential migrants in any year 
(t) of the projection period compare the present 
value of expected income in either location over a 
six-year time horizon (t, t + 6) .
1
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for the determination of wages, while strategies designed 
to change the time path of rural incomes are compared to 
the basic projection in Chapter 14. In these comparisons, 
particular attention will be paid to the effects of 
alternative strategies on the rate of urbanisation and 
on the proportion of the urban workforce not in wage 
employment.
The model allows for different rates of change 
in the probability of finding wage employment, depending 
on the age, sex and educational qualifications of job 
seekers. These differences reflect employers' preferences 
for recruiting job-seekers with various attributes.
As a result, the timing of the adjustment process described 
in Table 11.17 will vary for different groups. Table 11.18 
indicates that the rate of migration falls much more 
rapidly for persons with less than primary education, 
reflecting their displacement from wage employment by the 
better educated as shown in Chart 11.11. The proportion 
of those with at least primary education to the total 
number of persons migrating to urban areas in response 
to economic incentives rises from just over 10% in 1966 
to over 80% by 1986, and to 95% by the end of the period.^
The changing pattern of migration is reflected 
in the differences in the educational composition of the
1 The basic projection is generated on the assumption 
that the rate of migration in response to a given 
differential in expected incomes is the same for 
all education groups. The transformation in the 
composition of migrants in the basic projection is 
caused by differences in the prospect of finding 
wage employment for groups with various qualifications, 
rather than by differences in their propensities to 
migrate.
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adult population in either location. Chart 11.12 indicates 
that nearly all secondary graduates remain in urban areas 
after leaving school as they can always find skilled or 
unskilled wage employment. The widening of the difference 
in the proportions with primary education in rural and urban 
areas in the first half of the projection period is due to 
two simultaneous influences. One is the selectivity of 
migration; the other is that in the basic strategy for 
education all urban children are admitted to primary 
school, while universal primary education is not available 
to rural children until 1990. The difference between the 
proportions with primary education narrows towards the 
end of the period as all rural children are admitted to 
primary school,^ and the rate of migration by primary 
school leavers declines following a much earlier fall 
in the migration rates of people with no formal qualifications.
As the rate of migration falls, and the proportion 
of the population in urban areas increases quite slowly 
over the second half of the period (see Table 11.16), 
natural increase emerges as the major factor in the growth 
of urban population. The dominance of young adult males in 
the urban population decreases over the period. The 
proportion of males aged 15-30 years to the total urban 
population falls from 38.6% in 1966 to 21.4% by 2006, 
and the ratio of males to females in urban areas falls 
from 2.3:1 to 1.5:1 over the projection period.
The comparison of alternative strategies for 
education in Chapter 16 will indicate that the 
differences in educational composition by location 
are more persistent if a 'restricted' strategy for 
education is adopted where not all rural children 
are admitted to primary school in the second half 
of the projection period.
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Section 11.7: Changes in the composition of the workforce
The growth of the workforce over the projection 
period is calculated by the model, allowing for changes in 
participation rates and the number of persons of working 
age (15 years and over) enrolled in secondary or tertiary 
institutions. Table 11.19 shows the gradual increase in 
participation rates that accompanies the transformation in 
educational composition over the projection period.^
The most marked effect is on the participation rate of 
urban women, but these rates remain well below the 
participation rates for females in rural areas. The 
average participation rate for all women remains almost 
constant as the proportion of women in urban areas rises 
from 7.4% in 1966 to 17.8% by 2006. The gradual increase 
in overall participation rates is more than offset by an 
increase in the proportion of the population under 15 years 
and the proportion of those above 15 years attending 
educational institutions, so the total workforce increases 
slightly less rapidly than the total population of Papua 
New Guinea (see Table 11.16).
Chart 11.13 shows the changing composition 
of the total workforce, while Chart 11.14 presents the 
changes in the urban workforce in more detail. Once the 
rate of migration adjusts to the rate of growth of wage 
employment, there is only a very slight decline in the 
proportion of the workforce in self-employment in rural areas.
1 It has been assumed, see Section 7.1, that
participation rates vary not only with age, sex and 
location, but that participation rates will be 
higher for those with higher educational 
qualifications.
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Chart 11.13 indicates that over 75% of the workforce 
remains in rural areas in 2006.
The allocation of the urban workforce depends on 
the number and characteristics of wage job seekers, and the 
number of job opportunities at each skill level in any 
year of the projection period. The number of job 
opportunities in each year is around 8% of the total number 
of wage jobs. About 3.5% of these are generated by the 
growth of total employment, while the remaining 4.5% of 
the job opportunities are created by retirements. Table 11.20 
compares the number of job-opportunities to the number of 
job-seekers, indicating that the proportion of vacancies 
to job-seekers remains fairly constant over the latter 
half of the period, following the reduction of rural-urban 
migration. As the rate of migration falls, it becomes a 
less important factor in the expansion of the urban 
workforce; Table 11.20 indicates that by the second half 
of the projection period most of the wage-job seekers in 
any year are from urban areas. The majority of these will 
be participants in the urban informal industrial sector 
who continue to seek to enter wage employment where incomes 
per worker are considerably higher (see Table 11.8).
The remaining group of job seekers from urban areas are 
school-leavers and others reaching working age. This 
group and new arrivals from rural areas are nearly all 
aged 15-25 years, so the pool of wage job-seekers is 
dominated by young people throughout the projection period.
Table 11.20 also indicates that, in most years, 
only a small proportion of job-seekers are selected for 
wage employment. Of those who are not selected, any who 
were previously engaged in the informal sector stay in 
self-employment in urban areas. New entrants to the urban
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workforce from either location, who cannot expect to find 
wage employment by the end of the following year, are 
assumed to decide to enter self-employment.^ Only those 
who have a high probability of being selected remain 
unemployed; consequently unemployment (as against self- 
employment) in urban areas is of a transient nature.
Chart 11.14 indicates that this group remains a small 
proportion of the urban workforce throughout the projection 
period.
The changing composition of the workforce 
influences the time paths of incomes per head in self- 
employment in rural and urban areas as incomes in these 
sectors are assumed to be shared among all participants.
The model then derives changes in fertility rates in 
either location from these changes in incomes per head, 
allowing also for changes in the proportion of women 
participating in wage employment and in the composition 
by educational qualifications. The relative importance 
of these factors in bringing about the projected decline 
in fertility in either location is set out in Table 11.21. 
Although urban fertility declines rapidly, the average 
birth rate for the whole population remains high throughout 
the projection period, as more than three-quarters of the 
population is still in rural areas at the end of the period. 
The persistence of high birth rates means that the 
proportion of the population under 15 years of age stays 
above 40% of the total population. This is reflected 
in the rapid growth of enrolments required to provide primary 
schooling to all children aged 7-13 years as shown in 
Table 11.14. Numerous other consequences of the rapid
1 See Section 7.4.
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growth of population will be discussed in Section 12.4, 
where the effects of a slower reduction in fertility 
rates will be compared to the time paths generated in 
the basic projection.
The calculation of changes in the size of the 
population from changes in fertility derived within the 
model completes the description of the links shown in 
Diagram 11.1. The growth of population in any year of the 
projection period affects incomes per head in rural and 
urban areas. These changes then influence the growth of 
production through changes in the volume and pattern of 
consumption and investment, the pattern of migration 
through changes in income differentials by location, 
and to complete the circle, the effect on fertility rates 
influences the subsequent growth of population.
Section 11.8: Concluding remarks
In presenting the basic projections of time 
paths generated by the model, the discussion has concentrated 
on explaining the interactions between the various parts 
of the model: to show how the growth of the economy
influences, and is influenced by changes in the size and 
composition of the population. Over a hundred time paths 
have been discussed, but the changes in a rather smaller 
number of key variables can be used to capture the more 
important effects of any particular strategy choice.
The rate of growth of wage employment generated 
by the expansion of economic activity and the associated 
rate of urbanisation are presented in Table 11.16, which 
also indicates the effect of migration on the proportion 
of the urban workforce not in wage employment.
The combined effects of migration and the 
expansion of the education system are summarised in Chart 11.12
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showing the transformation of the educational composition 
of the adult population in either location over the long­
term projection period. The effects of these changes on 
the rate of replacement of expatriates and the matching 
of the growth of the number of Papua New Guineans with higher 
qualifications to the demand for higher skills are 
illustrated by Chart 11.11.
The pattern of changes in production that 
generate the growth of wage employment are summarised 
in Table 11.1. The shares of incomes accruing to the 
government and to foreigners are set out in Table 11.11, 
while the changing pattern of the distribution of personal 
incomes can be observed from the time paths of the 
concentration ratios in Table 11.9.
The composition of government expenditures was 
seen to play an important role in determining the growth 
of production and the disposition of income generated in 
each sector of economy. The growth and pattern of 
government outlays are presented in Table 11.12, showing 
the balance of receipts (including borrowing) and outlays 
over the long-term projection period.
These are the time paths that will be used 
frequently in the following chapters as a benchmark for 
comparison of a series of simulations. Chapter 12 presents 
a number of projections that indicate the sensitivity of 
results generated by the model to changes in parameter 
values and assumptions regarding exogenous influences.
These comparisons show that the long-term effects 
corresponding to any strategy combination can be 
considerably different under various conditions.
Chapter 13 compares the effects of two 
alternative strategies on wage determination to the basic
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projection, indicating the long-term effects on the 
growth of wage employment as well as the direct effects 
on government revenue. Chapter 14 introduces alternative 
strategies on lending to rural smallholders and levying a 
tax on the sale of cash crops for export. These comparisons 
are designed to exhibit the effects of these strategies 
on the growth of rural incomes reflected in the pattern of 
income distribution and the rate of urbanisation. Chapter 15 
considers the potential effect of a large-scale industrial 
complex based on hydroelectric power which would commence 
production midway through the projection period. A number 
of comparisons are used to investigate alternative policies 
concerning the domestic ownership and the taxation of 
such a project. Chapter 16 looks at the effects of 
alternative long-term strategies for the expansion of the 
education system on changes in educational composition.
The effects of these changes are compared in the light 
of the effects of the different resource requirements for 
the implementation of each strategy.
The comparisons concentrate on explaining 
the differences in the impact of alternative strategy 
choices, and to explore whether such differences persist 
when the alternative strategy combinations are compared 
under different conditions. The discussion also indicates 
how some effects of exogenous changes, or changes in some 
particular strategies can be offset by changes in the 
overall combination of long-term strategies. Comments 
on the potential use of such a simulation model on the 
design and selection of long-term strategies to be 
implemented in Papua New Guinea are reserved for the 
final Chapter 17.
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CHAPTER 12
VARIATIONS ON THE BASIC PROJECTION
Section 12.1; Introduction
The time paths generated by the model corresponding 
to the 'basic', or any other, combination of strategies 
depend on the values assigned to a very large number of 
parameters, and the assumed time paths of exogenous variables 
such as the level of foreign aid or the long-term pattern 
of copper prices. The sensitivity of projections generated 
by the model was tested for changes to most of these 
parameters and exogenously determined time paths. It would 
require too much space to present the results of all these 
experiments, so only a few of the most interesting comparisons 
have been chosen for discussion in this chapter.
These comparisons serve three purposes. First, 
they have been selected to highlight the complex 
interconnections of the economic-demographic system that 
is being simulated, showing how changes in particular 
assumptions set off a pattern of reactions that resonate 
through all the links of the model. Secondly, the examples 
will be used to indicate how strategy combinations can be 
revised in a coordinated manner to offset changes in other 
conditions. Finally, some of the patterns of differences 
described in this chapter are to be recalled when comparing 
the effects of alternative combinations of long-term 
strategies.
Section 12.2: A reduction of foreign aid
The basic projection was generated under the 
assumption that the flow of foreign aid would remain constant
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(in real terms) to 1980 and then fall linearly to just 
under half its current annual level by 2006. This section 
discusses the implications of a more rapid reduction 
of aid: from $140m a year in 1980 to $20m by 1998,
remaining at that level to the end of the projection 
period (see Chart 12.1).
If the basic combination of government strategies 
was not adjusted in any way, the cut in aid would be 
reflected only in the government's indebtedness, without 
any effect on the projections of production, distribution 
of income and the composition of the population. The 
debt at the end of the projection period would be nearly 
three times the annual flow of domestic revenue plus 
foreign aid (see Chart 12.2).^
Such a rapid rise in the level of indebtedness 
would certainly be unacceptable; the cut in aid would have 
to be compensated by changes in some long-term strategies 
to ensure that, as in the basic projection, the government's 
net indebtedness at the end of the period is a small 
proportion of annual government receipts. The required 
reduction in government expenditure could be achieved in 
many ways; the two alternatives considered in this section 
are summarised in Table 12.1.
1 The potential problem caused by debt servicing
requirements is underlined by the observation that 
the additional indebtedness at the end of the period 
is more than 50% larger than the reduction in the 
total aid received over the whole projection period. 
A 4% (real) rate of interest on outstanding debts 
has been assumed in both projections.
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In the first alternative, all of the burden of 
adjustment falls on government expenditure for infrastructure. 
In the second case, the strategy on government ownership 
of modern industry is revised: the share owned by the
government, which is 50% in 1991, is reduced to 35% by 
2006, instead of 42.5% in the basic projection. As Table 12.1 
also indicates, this allows a less severe reduction in 
the provision of infrastructure compared to the first 
alternative.*'" The projections generated for these two 
alternatives are now compared to the basic projection, 
to indicate the sensitivity of economic growth to changes 
in government activity induced by the cut in aid, and the 
associated indirect effects on the growth of wage 
employment and migration.
The reduced expenditure on the provision of
infrastructure leads to a slower rate of increase in the 
2productivity of labour and capital in various sectors,
and a reduction of demand generated by government expenditure.
Table 12.3 shows that there is no discernible effect on
the plantation sector or the major projects, but the
modern industrial sector expands less rapidly than in
the basic projection. Government purchases of industrial
1 In the basic projection, expenditure on infrastructure 
per head of population rises from $60 in 1966 to 
$79 by 2006; an increase of more than 30% over the 
projection period, compared to increases of only 
8% and 13% in the first and second alternatives, 
respectively.
The productivity of labour and capital in plantations 
and modern industry is 2.5% lower at the end of the 
period, while the productivity of capital in 
smallholder agriculture is 1% lower in the first 
alternative, compared to the basic projection.
2
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products are reduced in both alternatives and there is a 
secondary effect through the reduction of consumption demand 
as less employment is provided in government service and 
in modern industry. Table 12.3 indicates that the growth 
of smallholder agriculture is also slightly reduced; 
this is due to the relatively slower increase in the 
productivity of capital as the provision of infrastructure 
is reduced. Moreover, the slower growth of wage employment 
(see Table 12.2) means less funds are remitted to boost 
investment in rural areas. Table 12.3 indicates that this 
has a more important effect on urban small-scale industry, 
since remittances are a more significant source of income 
to finance consumption or investment by the urban self- 
employed . ^
2The slower growth of the economy results in a 
lower rate of growth of domestic revenue (see Table 12.4), 
which contributes to the severity of the cutbacks required 
to offset the fall in foreign aid. The relative reduction 
of wage employment means that income tax revenue is slightly 
lower in both alternatives compared to the basic projection. 
A much more important loss in revenue is caused by the 
slower expansion of modern industry; the flow of dividends 
is considerably reduced in the second alternative where
1 The relative importance of remittances in the total 
income of the rural and urban self-employed was 
discussed in the preceding chapter: see Table 11.7.
The average annual rate of growth of total monetary 
sector product falls from 4.96% in the basic projection 
to 4.79% and 4.82% in the first and second alternatives, 
respectively.
2
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the government retains a relatively smaller share of 
ownership.^
The reduction in productivity due to reduced
expenditure on infrastructure leads to a slower growth
of rural incomes per head. This is matched by a slower
2rise in urban wages so that rural-urban income differentials
are not significantly affected. Therefore, the proportion
of the urban workforce not in wage employment settles to
almost the same long-run level in all three projections
(see Table 12.2). In each case, the probability of not
finding wage employment approaches a value just sufficient
to offset the differential between urban wages and rural
incomes per head. At the same time, the rate of migration
adjusts to the difference between the rate of growth of
wage employment and the rate of natural increase of the
3urban workforce. Accordingly the rate of migration and
1 The share of ownership in the modern industrial 
sectors acquired by indigenous wage employees over the 
period is almost identical in all three projections 
(approximately 18% by 2006), so that differences in 
the share of government ownership are reflected by 
opposite changes in foreign ownership. This results 
in the relatively higher share of total monetary 
sector income accruing to foreigners under the second 
alternative (see Table 12.1).
2 These rise at the same rate as the productivity of 
labour under the basic strategy on wage determination 
followed for all three projections compared in this 
section.
3 The slower growth of urban wages is not sufficient to 
have a significant effect on urban fertility rates 
compared to the basic projection, so the natural increase 
of the urban population is almost identical in all 
three projections. The slight effect of the generally 
slower growth of incomes per head throughout the 
workforce (in both alternatives) on the growth of the 
total population by the end of the period is shown in 
Table 12.2.
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and the proportion of the population in urban areas is lower 
for both alternatives when compared to the basic projection, 
as shown in Table 12.2.
Section 12.3: Falling subsistence production
This section compares the basic projection, 
where the value of subsistence production per member of 
the rural workforce was assumed to be constant, to a 
projection in which subsistence production per head of the 
rural workforce is assumed to fall by one unit for every 
three units of increase in monetary incomes per head.
All other assumptions and all strategy choices are the same 
for both simulations: the comparison of results is set out
in Tables 12.5 to 12.10.^
Table 12.5 shows that the reduction in subsistence 
incomes per head associated with the expansion of the 
monetary sector leads, through a process of 'circular 
causation', to a slower growth of monetary incomes 
themselves when compared to the basic projection. As 
explained in Section 9.3, lower total (cash plus subsistence) 
incomes per head in rural areas result in a lower proportion 
of income being allocated to investment. The reduced 
scale of investment results in a slower growth of rural 
monetary sector production (see Table 12.8) and to lower 
incomes per head in subsequent years. The differences in 
incomes per smallholder and the differences in the volume 
and pattern of rural monetary expenditures are shown in
1 To economise on the number of tables attached to
this chapter, Tables 12.5 to 12.10 also present results 
from a projection where fertility rates are assumed 
to decline less rapidly than in the basic projection. 
These results will be compared to the basic projection 
in the next section.
265
Tables 12.5 and 12.7 respectively. As subsistence production 
per head declines, the pattern of rural expenditures is 
assumed to become correspondingly more similar to the urban 
pattern,'*' so there is a relative increase in the demand 
for food from outside the subsistence sector. The volume 
of imported foodstuffs increases as domestic production 
is depressed by the reduced flow of rural investment; 
the proportion of demand for non-subsistence foodstuffs 
met by imports falls from 87% to 46% over the projection 
period, compared with a more rapid decline to 38% in the 
basic projection.
The reduction of rural cash incomes leads to a
fall in demand for industrial goods and services which
results in a relatively slower growth of urban industry.
The relatively smaller modern industrial sector provides
fewer job opportunities and this accounts for the reduction
3in wage employment compared to the basic projection 
shown in Table 12.9. The slower growth of employment has 
a negative effect on rural-urban migration, but this is 
offset by the positive effect of the increased differential 
between urban wages and rural incomes per head, as the
1 See Section 9.3.
2 The time path of the balance of trade over the period 
is almost identical to that for the basic projection. 
The increased imports of food are offset by a 
reduction in imports of industrial products as demand 
for these is lower, due to the slower growth of the 
economy.
3 Government strategies for the provision of education 
and infrastructure are the same for both projections, 
so employment in government services is not affected. 
There is a slight relative increase in the government's
indebtedness at the end of the period as domestic revenue is also reduced by the relatively slower 
growth of the economy.
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latter are depressed by the fall in subsistence production. 
Table 12.9 shows only a very slight difference in the 
growth of urban population, but the proportion of the urban 
workforce not in wage employment is relatively higher at 
the end of the period; the increased differential continues 
to induce migration despite a lower probability of finding 
wage employment. Table 12.6 indicates that the higher 
proportion of the urban workforce not in wage employment 
leads to higher concentration ratio of urban incomes (in 
favour of wage earners) at the end of the period. The time 
paths of the concentration ratios of all cash incomes show 
that not only are rural dwellers worse off due to the 
fall in subsistence incomes, but that the concentration 
ratio of monetary incomes declines rather less rapidly than 
in the basic projection.
Finally it may be noted that as incomes per head 
increase less rapidly, the rate of population growth is 
higher than in the basic projection; the implications of 
the relative increase in population are considered below.
Section 12,4; Slower decline of fertility
Changes in fertility rates are derived by the 
model from changes in incomes per head, educational 
composition and the proportion of women of child-bearing 
age participating in wage employment in either location.
The submodel used to determine the time path of the total 
fertility rate^ for the rural and urban population was 
summarised in equations (4.5) to (4.8). The parameter 
values used to derive the basic projection of population
1 As defined in Section 4.2*
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were also set out in Section 4.3. This section examines 
the sensitivity of the projections by the model to alternative 
values of these parameters: all of the parameters linking
fertility rates to changes in incomes per head etc. have 
been altered so that any change in these factors results 
in exactly half the change in fertility that would have 
occurred according to the parameter settings used to 
generate the basic projection. The relatively slower 
decline in fertility is shown in Table 12.10, while Tables 
12.5 to 12.9 indicate the correspondingly faster growth 
of the total population'1' and its impact on the economy: 
at the end of the period, the total population is 5.4% 
higher, while total monetary sector income is 6.3% lower 
than in the basic projection.
As described in the preceding section, there is 
a positive feedback between the slower growth of rural 
incomes per head and the faster growth of population.
Any relative decline in incomes per head acts to reduce 
the savings rate, leading to a relatively slower growth of 
investment and production: the resulting fall in incomes
per head is then compounded by a subsequently slower 
decline in fertility. Table 12.5 indicates a long delay 
before the slower decline of fertility has a perceptible 
effect on rural cash incomes per head, but shows that 
the difference from the basic projection widens rapidly 
beyond 1996. It should be noted that a considerably larger
1 Mortality rates are assumed to decline at the same
exogenously determined rates as in the basic projection, 
with the expectation of life at birth increasing to 
46 to 60 years over the projection period.
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difference would emerge in situations where, unlike Papua 
New Guinea, subsistence incomes per head are expected to 
fall with any increase in the density of population.
In urban areas, the slower decline in birth 
rates also leads to a relatively higher ratio of dependents 
to income-earners; the resulting reduction in incomes 
per head causes lower rates of saving out of urban as well 
as rural incomes. Lower savings by wage employees results 
in a slightly lower domestic private ownership of modern 
industry (17.5% compared to 18% at the end of the period 
in the basic projection), while the reduction of investment 
in urban small-scale industry, together with the relative 
increase in the number of self-employed, lead to 
considerably lower incomes per head in that sector. It 
may be noted that the slower growth of average urban 
incomes per head, combined with the diminished reaction 
of fertility rates to rising incomes, results in urban 
fertility rates falling less than half as rapidly as in the 
basic projection (see Table 12.10).
The relatively faster natural increase of the 
urban population and the slightly slower growth of wage 
employment compared to the basic projection (see Table 12.9), 
means that migration plays a somewhat less important role 
in the growth of towns. Table 12.9 indicates the lower 
migration rates, compared to the basic projection, towards 
the end of the period when the relatively higher number of 
children born after 1976 reach working age.
The very limited effect on the growth of wage 
employment is a further indication of the time span required 
for the effects of the faster growth of population to have 
an effect on the economy. The reduction in the demand for
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wage labour is ultimately brought about through the slower
growth of private domestic demand for industrial goods
and services; total expenditure on the provision of
infrastructure by the government is the same as in the
basic projection,^" while expenditure on education is
slightly higher (by 2%) than in the basic projection.
The increased enrolments in primary and secondary schools,
required to implement the basic strategy for education,
are catered for by allowing pupil/teacher ratios to rise.
The average pupil/teacher ratio in primary schools has to
rise to 37.2 at the end of the period, compared to 34.5
3in the basic projection.
Section 12.5: Faster replacement of industrial imports
The basic projection was generated by assuming 
a gradual increase in the domestic content of each component 
of demand for industrial products, as shown in Table 8.5, 
so that the proportion of total demand for these products 
supplied by domestic industry rose from 65% in 1966 to 
75% by 2006. This section studies the impact of a more 
rapid rate of import replacement. Each of the coefficients
1 However, expenditure on infrastructure per head over 
the projection period rises from $62 to only $75 p.a. 
compared with a rise to $79 in the basic projection.
2 The basic strategy for education calls for the 
attainment of universal primary education by 1990, 
and a 20% transfer rate from primary to secondary 
education. Enrolments at higher levels are related 
to manpower requirements so they are only indirectly 
(very slightly in this case) influenced by the increased 
total population.
This ratio is still low compared to many developing 
countries. The increase in the population of the 
average rural community allows for increased economy 
in the provision of education and some other services.
3
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of domestic content is assumed to rise more rapidly than 
in the basic projection, so that the proportion of total 
demand for industrial products supplied by domestic 
industry rises to 80% by the end of the period, compared 
to 75% in the basic projection.
Table 12.11 indicates that, as a result of
this variation, the total output of industrial products
increases considerably more than in the basic projection.^
In any year, the higher proportion of total demand to be
met by domestic sources generates a faster growth of
production, employment and government revenue. The enlarged
wage bill results in a relative increase in consumer
demand, while the additional revenue permits a faster
growth of expenditure on the provision of education and 
2infrastructure without any change in net indebtedness 
at the end of the projection period.
Table 12.11 also shows that most of the 
additional domestic demand for industrial production 
is met by modern industry; this sector accounts for most 
of the increase in the total monetary sector product 
compared to the basic projection (see Table 12.12).
The modest relative increases in production by small-scale 
industry and smallholder agricultural sectors are due to 
the combined effects of the increased remittances out of
1 Tables 12.11 to 12.17 also present results generated 
by allowing for a relatively increased effect of 
education on productivity in the small-scale sectors 
of production. These results will be compared to 
the basic projection in the next section.
2 Expenditure on infrastructure per head of population 
increases from $62 in 1966 to $82 by 2006, as against 
$79 per head in the basic projection.
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the relatively higher wage bill of indigenous employees 
and the improvement in productivity"^ brought about by 
the relatively increased provision of infrastructure.
The changes in the disposition of monetary income, 
summarised in Table 12.13, indicate that most of the 
relative increase in total income goes to indigenous wage 
employees and to government revenue, with a smaller 
increase in profits accruing abroad. The relative increase 
in the wage bill follows from the faster growth of
2employment and a slightly faster rise in wage rates,
linked to a more rapid increase in productivity. In
addition, wage employees receive an increased flow of
dividends from their share of ownership in modern industry.
62% of the relative increase in domestic revenue is
accounted for by the more rapid increase in productivity,
which allows the government to levy a slightly higher rate
3of tax on the profits of modern industry; 28% by the 
increased flow of dividends resulting from the faster
4growth of modern industry; while most of the remainder 
is accounted for by increased income tax receipts.
1 Changes in factor/output ratios over the projection 
period are presented in Table 12.17.
2 Wage rates at the end of the period are 1% higher 
than in the basic projection (see Table 12.14).
3 The rate of tax on the profits of modern industry 
rises to 39% in 2006 compared to 37% in the basic 
projection; in both cases the rate is set to yield
a 9% rate of return (after tax) to owners of capital.
4 There are also minor increases in receipts from 
indirect taxes (customs duties, etc.).
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The proportion of aid to total government receipts falls 
to 8% by 2006, compared to 9% in the basic projection.
Table 12.16 shows the slightly higher growth 
of enrolments in tertiary institutions required to meet 
the additional demand for professional and sub-professional 
employment. A more notable effect of the faster growth 
of employment is the higher degree of urbanisation, also 
shown in Table 12.16. The relative reduction of the 
population remaining in rural areas, combined with the 
slight increase in smallholder output, leads to an 
improvement in rural incomes per head, shown in Table 
12.14.^ The narrowing of the differential between rural 
incomes per head and urban wages means that there is less 
incentive to migrate when there is a low probability of 
finding wage employment in urban areas. Hence Table 12.16 
shows that the proportion of the urban workforce not in 
wage employment over the latter half of the projection 
period is lower than in the basic projection? indicating 
that the increased urbanisation brought about by the 
faster replacement of industrial imports is associated 
with a higher rate of employment.
Section 12.6: Higher productivity of education
As explained in Chapter 8, the productivity of 
self-employed labour in smallholder agriculture and in 
small-scale industry is determined by the stock of capital? 
allowance is made for a decline in the capital/output ratio,
This effect leads to a slightly faster reduction 
of the concentration ratio of indigenous personal 
incomes in comparison to the basic projection (see 
Table 12.15).
1
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reflecting increasing productivity due to the provision 
of infrastructure by the government and improvements in 
the educational composition of the workforce in these 
sectors. The effect of changes in educational composition 
are derived from a set of parameters indicating the 
productivity of those with higher educational qualifications, 
compared to persons with less than primary education 
completed. This section considers the effects of assigning 
higher values to these parameters: the revised values,
together with the settings used to generate the basic 
projection are shown in Table 12.18, while the relatively 
faster rates of decline in capital/output ratios (in the 
smallholder agricultural and small-scale industrial sectors) 
caused by these parameter changes are presented in Table 12.17.
The projection corresponding to the assumed 
increase in productivity linked to the expansion of the 
education system have been juxtaposed, not only to the 
basic projection, but also to the corresponding figures 
from the projection generated by assuming a faster replacement 
of industrial imports. The two comparisons indicate (see 
Tables 12.11 to 12.16) that while both variations lead 
to almost identical increases in total monetary sector 
income relative to the basic projection, the two alternative
1 See equations (8.1) to (8.3) for the formulae
used to derive annual changes in capital/output 
ratios in the sectors relying on self-employment. 
Changes in the educational composition of those in wage 
employment have not been assumed to have any effect 
on productivity in the modern sectors of the economy. 
The reductions in the factor/output ratios in modern 
industry shown in Table 12.17 are due to the provision 
of infrastructure by the government.
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simulations exhibit quite different patterns of production 
and distribution of income, with correspondingly different 
effects on the composition of the population.
Table 12.12 shows that the increased output of 
smallholder agriculture and small-scale industry account 
for much of the relative increase of total value added in 
the monetary sector compared to the basic projection.
Table 11.11 shows that the small-scale industrial sectors 
meet 17% of the additional demand for domestic production^ 
of industrial goods directly and indirectly generated by 
the increased incomes of the self-employed in both locations. 
Therefore modern industry, which meets the remainder of 
this demand, also expands more rapidly than in the basic 
projection.
By far the largest proportion of the additional
monetary sector income, compared to the basic projection,
accrues to the rural workforce. The additional income of
the self-employed rural workforce does not yield additional
2revenue to the government; Table 12.13 shows that although 
domestic revenue (and profits accruing abroad) are boosted 
by the faster growth of modern industry, these increases 
are less than proportional to the increase in total 
monetary sector income. The rise in revenue permits only 
a marginal increase in the provision of infrastructure by
1 cf. the projection generated by assuming faster 
replacement of industrial imports, where only 1% of 
the additional domestic output of industrial goods 
was supplied by small-scale industry.
2 The effects of levying a tax on smallholder production 
of export crops are considered in Section 14.3.
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the government. The relative increase in total wage 
employment is far less than where a faster replacement 
of imports was considered (see Table 12.16) so there is 
very little increase in the wage-earners' share of monetary 
incomes.
Turning to differences in incomes per head,
Table 12.14 serves to indicate the length of time required 
for the effect of the relatively faster increase in 
productivity, assumed to follow from the rapid expansion 
of the education system, to be reflected in changes in the 
economy. The relative increase in the incomes per head 
of the self-employed in both locations is quite slow to 
emerge, but the difference in incomes per head compared 
to the basic projection widens dramatically over the last 
ten years of the projection period.^ The higher incomes 
per head of the self-employed cause a narrowing of the 
gap between rural incomes per head and the minimum wage in 
the urban modern sectors. This effect is then reflected 
in the time paths of the concentration ratios of indigenous 
monetary incomes (see Table 12.15), and in a reduction 
of the proportion of the urban workforce not in wage 
employment compared to the basic projection (see Table 12.16).
Section 12.7: Changes in the migration response
The final set of comparisons in this chapter 
concern projections generated by assigning alternative 
values to parameters used to determine the numbers and
1 The indirect effect of the higher productivity of 
the educated on fertility is subject to an even 
longer delay, so that the total population in 2006 
is only 1.3% lower than in the basic projection.
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characteristics of persons moving between rural and urban 
locations in any year of the projection period. The four 
alternative assumptions considered are:
(a) Basic Projection: The percentage of rural adult
males who migrate annually to urban areas is 
assumed to be proportional to the ratio of the 
present values of expected incomes in either 
location. The coefficients by age group, assumed 
to be the same for all education groups, are set 
out in Table 6.1. Persons who are unsuccessful 
in finding wage employment on joining the urban 
workforce are assumed to remain unemployed or 
enter self-employment in either location.
The proportion who remain unemployed are those 
who expect to find wage employment by the end 
of one more year.
(b) Higher migration response by all education groups: 
The migration response coefficients for every
age group, shown in Table 6.1, are increased by 
50%. The coefficients are assumed to remain the 
same for all education groups. The waiting time 
in unemployment is the same as for the basic 
projection.
(c) Higher migration response by persons with at
least primary education completed: The migration
response coefficients for persons who have not 
completed primary education remain the same as 
for the basic projection, but the coefficients 
for persons with primary education (or above) 
completed are increased by 50%. The waiting 
time in unemployment is the same as for the 
basic projection.
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(d) Longer waiting time in unemployment: The migration
response coefficients are the same as for the 
basic projection, but a higher proportion of 
persons who are unsuccessful in finding wage 
employment on joining the urban workforce are 
assumed to remain 'openly' unemployed. The 
proportion who remain unemployed, rather than 
enter self-employment, is assumed to be the 
proportion who expect to find wage employment 
over the next three years, compared to a waiting 
time of only one year in the basic projection.^
Table 12.19 shows that the migration rates of 
adult males decline less rapidly, in the short run, when 
the response coefficients are raised for all groups, but 
they are quite similar to those in the basic projection 
for the later years of the projection period. The higher 
response coefficients tend to raise rural-urban migration 
rates (gross of return migration rates) for a given 
differential between expected incomes. However, the 
increased migration results in a higher proportion of the 
urban workforce not in wage employment, thus reducing the 
probability of finding wage employment. This results in 
a narrowing of the rural-urban income differential tending 
to reduce in-migration in subsequent years, while raising 
the rate of return migration of recent arrivals unable 
to find wage employment.
1 The recursive formula used to calculate the probability 
of being employed at the end of successive years (see 
equation (6.1)) indicates that the proportion who 
expect to find employment will increase with the length 
of the waiting period in unemployment.
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Over a long-term period, the net rate of rural- 
urban migration adjusts to the difference between the 
rate of growth of wage employment and the rate of natural 
increase.^ With a higher response rate, this adjustment 
takes place when the differential between expected incomes 
is correspondingly lowered by a higher probability of 
not finding wage employment. Consequently, Table 12.20 
shows that, when all migration response coefficients are 
raised, the proportion of the population in urban areas 
is marginally higher and the proportion of the urban 
workforce not in wage employment is also slightly higher 
than in the basic projection.
A quite similar pattern emerges when the response
rates are raised selectively to simulate an assumption
of increased mobility associated with higher educational
qualifications. Table 12.19 shows that the fall in
migration rates is accelerated slightly for those with no
formal qualifications, while the fall is a little less
rapid for those with at least primary education completed.
This increased selectivity of migration by education does
not have a perceptible effect on the long-term pattern
of change in the educational composition of the population
in either location when compared to the basic projection.
The differences in the educational composition of the
2rural and the urban population, in both projections,
1 The alternative assumptions have no discernible 
effect on the rate of growth of wage employment, 
or other time paths projected by the model.
2 The differences in the educational composition of 
all adults in rural and urban areas in the basic 
projection were shown in Chart 11.12.
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are explained by differences in the prospects for 
employment, rather than by a higher migration response for 
persons with higher qualifications.
The assumption of a longer waiting period in 
unemployment in the fourth projection influences the rate 
of return migration. A lower proportion of new arrivals 
who fail to find wage jobs return to their villages.
Net migration again adjusts to make up the difference 
between growth of wage employment and natural increase, 
so the reduction in return migration is reflected in a 
relatively faster decline of gross rural to urban migration 
rates over time compared with the basic projection"*" (see 
Table 12.19). The longer waiting time in unemployment 
leads to a higher proportion of the urban workforce not in 
wage employment, and a higher proportion are unemployed, 
as against self-employed, compared to the other projections 
(see Table 12.20). Nevertheless, most of those not in 
wage employment still enter self-employment.
To sum up these comparisons, it may be noted 
that quite substantial changes in the parameters of the 
migration submodel have only a minor effect on the long­
term increase in the proportion of the population in 
towns or on the employment rate in urban areas. The 
parameter changes influence the timing of changes in 
migration rates, but the long-run effects are much less
1 The migration rates for those with primary education 
fall later (relative to the basic projection) as 
unemployment affects this group later than for those 
with no formal qualifications. The migration rates 
for those with secondary (or higher) qualifications 
are the same as in the basic projection.
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significant than the indirect effects on migration and 
employment rates that followed from some of the other 
variations on the basic projection that have been considered 
in this chapter.
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CHAPTER 13
ALTERNATIVE STRATEGIES FOR THE 
DETERMINATION OF WAGES
Section 13.1: Introduction
This chapter explores the differences between 
projections generated by the simulation model, based on 
alternative long-term strategies for the determination of 
wages. The importance of wages in the determination of 
changes in the distribution of income, the potential effect 
of changes in urban wages on rural-urban migration and 
their impact on government expenditure has been widely
discussed in recent literature on economic development.
The comparisons in this chapter will indicate the effect 
of alternative strategy choices in these areas. In 
addition, the alternative projections will be used to explore 
the indirect effects of wage changes on the long-term growth 
of employment when allowance is made for substitution of 
labour and capital in response to changes in relative 
factor prices. It will be seen that the differences between 
the patterns of rural-urban migration, corresponding to 
alternative wage strategies, are brought about by the 
effects on the growth of wage job opportunities as well as 
by the effects of wage strategy choices on income 
differentials. The differentials lead to changes in the 
proportion of the urban workforce not in wage employment, 
but the differences in the growth of urban population are 
explained by the different growth of wage employment in 
each case.
Three alternative strategies for the determination 
of wage rates are compared in Section 13.2; the distinguishing
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features of each strategy are summarised as follows:
Basic strategy: After a period of rapid increases
up to 1978, the wage rate for unskilled indigenous employees'^ 
increases at the same rate as the productivity of labour in 
modern industry. Differences by skill level are reduced 
over the period, as shown in Chart 11.6; the reduction in 
differentials is derived from the changing conditions of 
demand and supply for educated manpower. Finally, the real 
wage rates for expatriates are to remain constant over the 
projection period in all strategy alternatives.
'Tight' strategy: From 1978 the wage rates for
unskilled employees is to increase at only half the rate 
of increase in productivity of labour in modern industry. 
Differentials by skill level are reduced linearly so that 
they are the same as in the basic projection at the end of 
the period.
'Liberal' strategy: The wage rate for unskilled
employees is to rise three times as fast as productivity 
from 1978 to 1986. After 1986, the difference between the 
rate of growth of wages and the rate of growth of productivity 
is gradually narrowed, and beyond 1995 wage rates increase 
at the same rate as productivity of labour in modern industry.
The increase in the average wage for indigenous 
employees over the projection period, corresponding to each
1 Wage rates at any skill level are the same in all 
sectors, with one exception: the wage rate for
unskilled employment in the plantation sectors rises 
from 50% at present, to 75% of the corresponding wage 
in the other sectors by 1982. The ratio of wage rates 
in plantations and other sectors is the same for all 
projections in this study.
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of these alternative strategies, is shown in Chart 13.1.
If real wages rise faster, as in the 'liberal' strategy, 
higher government expenditure is required for the same 
provision of education and infrastructure. At the same 
time the rise in wages reduces taxable profits in other 
sectors, thus reducing government revenue. With no 
compensating adjustment in expenditures, the 'liberal' 
strategy would lead to an extremely high indebtedness by 
the end of the period. Conversely, as shown by Chart 13.2, 
the 'tight' strategy would result in Papua New Guinea 
being a net lender over the second half of the projection 
period. These time paths of indebtedness indicate that it 
is not reasonable to make such significant revisions in 
long-term wage strategies in isolation from other policy 
decisions.
The effects of the 'liberal' and 'tight' 
alternatives on indebtedness can be compensated in a number 
of ways. The comparisons in Section 13.2 were generated 
by adjusting the time paths of government expenditure on 
the provision of infrastructure so that the time path of 
net indebtedness was very similar for all three projections, 
as shown in Chart 13.3. The adjustment of government 
expenditure has a direct and indirect effect on the demand 
for manpower at each skill level. An adjustment was made 
in the growth of tertiary enrolments to match the supply 
of tertiary educated manpower to the demand for professional 
and sub-professional employment corresponding to each 
strategy choice.
Section 13.3 introduces a fourth alternative for 
the determination of wages:
'Phased' strategy: The wage rate for unskilled
employees remains constant (in real terms) from 1978 to 1993,
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after which it rises linearly to be equal to the corresponding 
wage rate in the basic projection. The derivation of 
differentials by skill and the wage rates for expatriates 
are as for the basic strategy.
The time paths of the average wage for indigenous 
employees under the basic and the 'phased' strategies are 
shown in Chart 13.6. Once again, the volume and timing of 
government expenditure are adjusted to yield a time path 
of indebtedness similar to that generated in the basic 
projection. As may be expected, the comparison of the 
basic and 'phased' options indicates that most of the 
differences appear during, rather than at the end of, the 
projection period.
Section 13.2: The 'liberal' and 'tight' wage strategies
The projections based on these alternative 
strategies are compared to the basic projection in Tables 
13.1 to 13.6, and Charts 13.3 to 13.5. Many of the 
differences in the impact of these alternatives are derived 
ultimately from the effects on the growth of wage employment. 
Table 13.3 shows employment increasing most rapidly under 
the 'tight' wage strategy. There is a slight increase in 
employment associated with the increased expenditure on 
infrastructure (see Chart 13.3), but most of the additional 
employment is provided by modern industry. Table 13.2 
shows that there is little difference in the growth of output 
in modern industry so the 25% additional employment under 
the 'tight' as compared to the 'liberal' strategies is due 
to the substitution of labour for capital. Chart 13.4 
illustrates the projected changes in the time paths of 
labour/value added ratios in modern industry and plantations
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associated with changes in relative factor prices.
The different rates of growth of wage employment 
are reflected in the different rates of urbanisation, as 
shown in Table 13.1. In each case, the rate of migration 
adjusts to the growth of wage employment so that the 
proportion in urban areas is lowest for the 'liberal' wage 
strategy under which growth of wage employment is slower 
than the growth of the workforce over the projection period. 
Table 13.4 shows that the strategy alternatives have 
negligible effect on rural incomes, so that the differential 
between these and urban wages is widest for the 'liberal' 
strategy. Consequently, Table 13.1 shows that the proportion 
of the urban workforce not in wage employment is the highest 
for the 'liberal' strategy.
Table 13.2 indicates there is little difference 
in total monetary sector production under the three 
alternatives. Productivity is a little higher in the 
small-scale agricultural and industrial sectors under 
the 'tight' strategy, since the provision of infrastructure 
is slightly greater than in the other combinations.
However this is partly counteracted by a reduced flow of
1 The substitution of labour for capital is derived from
the c.e.s. production functions described in Section 8.3. 
The function allows for the capital/labour ratio to 
be influenced by differences in productivity of these 
factors as well as by relative factor prices. The 
projections corresponding to each alternative wage 
strategy were re-run with parameter values that 
provided for the productivity of capital to rise 
faster than the productivity of labour in these sectors. 
In each case, the projections showed a lower capital/ 
labour ratio but the pattern of differences between 
strategies, discussed in this section, was not affected.
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remittances from wage incomes which are lowest under the 
'tight' strategy (see Table 13.4). The impact on the major 
natural resource based projects is quite negligible since 
wages represent a very small part of total costs: 
profitability is hardly affected, so there is no noticeable 
effect on government revenue from these projects.
The differences in value added in the plantation 
sector, shown in Table 13.2, are indirectly caused by the 
changes in relative factor prices. It has been assumed 
(see Section 8.3) that the stock of capital in plantations 
remains constant beyond 1976. Less labour is employed 
per unit capital under the 'liberal' strategy, so there 
is some fall in value added compared to the basic projection 
As already remarked, the alternative strategies for the 
determination of wages have very little effect on the 
long-term growth of modern industry. The lower demand for 
industrial goods and services out of wage incomes in the 
'tight' strategy is largely offset by increased demand 
generated by government expenditure - similar compensating 
effects occur under the 'liberal' strategy. Much of the 
difference in total monetary sector product is accounted 
for by the differences in the government sector wage bills 
corresponding to each alternative.^
The flow of domestic revenue from the plantation 
and modern industrial sectors is also influenced by the 
choice of wage strategies. Profitability is lowest under
1 Although total expenditure on infrastructure is the
lowest under the 'liberal' strategy (see Chart 13.3), 
a much higher proportion of this is devoted to the 
salaries of public servants, so the government wage 
bill is higher than for the two other alternatives.
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the 'liberal' strategy as wage costs are increased.
Moreover, profitability increases less rapidly than for 
the other alternatives because of relative reduction in 
the provision of infrastructure. In all three combinations, 
tax rates are set to yield a 9% annual rate of return to 
capital in these sectors, so any effects on profitability 
are reflected in the flow of government revenue. Table 
13.4, which summarises the differences in the allocation 
of income, shows the fall in revenue generated from modern 
industry and plantations under the 'liberal' strategy: 
the table shows that this fall is only partially offset 
by an increase in income taxes.^
Table 13.4 shows that the alternative choices of 
wage strategies have little effect on the incomes accruing 
to various sections of the workforce. The differences in 
wage rates are largely offset by the different rates of 
growth of total employment. As the wage bill is shared 
among a larger number of employees under the 'tight' 
strategy, the concentration ratio of all indigenous money 
incomes is lower than for the other two projections over 
the latter half of the period, as shown in Table 13.5.
The differences in the concentration ratios of urban 
incomes reflects the differences in the proportion of the 
urban workforce not in wage employment, which is highest 
under the 'liberal' strategy.
1 A progressively higher rate of income tax is charged 
for higher wage rates, so income tax revenue is 
highest under the 'liberal', and lowest under the 
'tight' strategy.
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The different rates of growth of employment also 
influence the changing composition of employment. The 
rate of replacement of expatriates observed in the basic 
strategy (see Charts 11.11(a) to (d)) is not significantly 
influenced. Most expatriates are replaced by 1985, well 
before the emergence of significant differences in the 
demand for manpower corresponding to the alternative wage 
strategies. However, the demand for professional and 
sub-professional manpower is 17% higher for the 'tight* 
than for the 'liberal' strategy. Constant enrolments in 
university (beyond 1976) are sufficient to meet the demand 
for professional manpower in all three cases. As mentioned 
in Section 13.1, enrolments in other tertiary institutions 
are adjusted in each case to match the demand for 
sub-professional manpower.
The most noticeable change is at the unskilled 
level. As demand for skilled manpower increases relatively 
slowly under the 'liberal' strategy, a greater proportion 
of secondary school leavers will not be able to find 
employment at this level. The concurrent reduction in 
unskilled employment opportunities means that the proportion 
of unskilled wage jobs taken up by the 'spill-over' of 
secondary school leavers is by far the highest under the 
'liberal' strategy, as illustrated by Chart 13.5. The 
associated reduction in prospects of finding employment 
for those with lower qualifications is then reflected in 
the pattern of rural-urban migration. Table 13.6 shows that 
not only is the average rate of migration lower under the 
'liberal' strategy, but the composition of migrants is even 
more selective by education than the pattern observed in 
the basic projection.
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Finally, returning to Table 13.1, it may be 
noted that the projected time growth of total population 
is nearly identical in each case. Under the 'liberal' 
strategy, fertility falls faster in urban areas as incomes 
per head are higher. However, a smaller proportion of the 
population is projected to move to urban areas.
Furthermore, incomes per head are lower and hence fertility 
rates are slightly higher in rural areas: more people share
the almost identical total income in rural areas over the 
period. Corresponding, offsetting effects are generated 
under the 'tight' strategy combination.
Section 13.3: Alternative phasing of wage increases
The comparisons in the preceding section 
investigated strategy options where the average wage rates 
diverged throughout the latter part of the projection 
period (see Chart 13.1). Any differences that emerged 
widened over these years, and comparison of long-term 
effects could be conveniently made by considering the 
values of variables at the end of the projection period.
One of the advantages of a long planning horizon is that it 
allows a different kind of strategy option to be 
considered: these are options of phasing actions over an
extended period of time. In the 'phased' wage strategy the 
increase in average indigenous wages from 1976 to 2006 
is the same as for the basic strategy, but the increase 
is concentrated in the last twelve years of the projection 
period (see Chart 13.6). Differences in the effects of the 
'phased' and basic strategies on the composition of the 
population widen during the period of wage restraint, then 
narrow towards the end of the period.
Once again, the differences that emerge are caused, 
directly or indirectly, by the different time paths of wage
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employment corresponding to the basic and the 'phased' 
alternatives. Table 13.8 shows that employment expands 
more rapidly up to 1996, while unskilled wage rates are 
held constant. Beyond 1996, when wage rates rise rapidly 
in order to catch up to the basic strategy, the difference 
in wage employment narrows rapidly. The different time paths 
of employment are partly caused by the revised phasing 
of government expenditure: Chart 13.7 shows the adjustment
of expenditure on infrastructure to maintain a time path 
of indebtedness similar to that for the basic projection. 
However, Table 13.8 shows that most of the difference in 
employment is accounted for by the relatively increased 
use of labour in plantations and modern industry while 
wage rates are lower than in the basic projection.
The differences in the growth of employment are 
reflected in the pattern of migration. Table 13.10 shows 
that migration rates from villages to urban areas are 
relatively higher while employment increases rapidly. Once 
real wages begin to rise, the rate of growth of employment 
falls sharply as employers substitute capital for labour.
The lower number of job opportunities reduces the probability 
of finding wage employment and, after some delay, the rate 
of migration also falls sharply. The delayed reaction 
of migration rates results in a higher proportion of the 
population in urban areas at the end of the period (see 
Table 13.7), although migration rates are by then 
considerably lower than in the basic projection.
While the rate of growth of wage employment is 
the main influence on the rate of migration, the proportion 
of the urban workforce not in wage employment reflects 
the differential between urban wages and rural incomes 
per head. The proportion not in wage employment is lower
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during the period of wage restraint in the 'phased' 
strategy (see Table 13.7). The higher proportion not in 
wage employment at the end of the period again reflects 
the delay in the adjustment of migration to the reduction 
in employment opportunities.
Table 13.9 shows that the alternative phasing of 
wage increases has only a slight impact on the distribution 
of income. The concentration ratio of all cash incomes does 
decline a little more rapidly during the period of wage 
restraint, but the difference narrows towards the end of 
the period. Production by sectors has not been tabulated 
for the 'phased' strategy: as in the preceding section,
no significant differences emerge over the period. The 
provision of infrastructure by government is slightly higher 
throughout the period beyond 1978 under the 'phased' strategy, 
as shown in Chart 13.7. However, the total expenditure 
on infrastructure over the whole period, relative to the 
basic projection, is not large enough to cause significant 
differences in the rise of productivity of labour and 
capital under the two alternatives. A much greater difference 
between time paths of government expenditure on infrastructure 
would be required to generate significant differences in 
the rise in productivity over the period. Such a difference 
could emerge if substantial cuts in real wages (or other 
expenditure) were contemplated.
The conclusions to be drawn from the comparisons 
made in this chapter may be summed up as follows. Changes 
in wage strategies, with no change in other strategies, 
have a number of effects on the economy: the most dramatic 
is the effect on government debt over the projection period 
(see Chart 13.2). When compensating adjustments are made 
so that net indebtedness at the end of the period is close
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to zero (as in the basic projection), there is little 
net effect on the long-term growth of total production.
The most significant difference to emerge is in the growth 
of wage employment as labour and capital are used in 
different proportions in response to changes in relative 
factor prices.
The difference in the growth of employment 
opportunities are reflected in the pattern of migration 
and the distribution of income. The comparisons showed that 
the rate of urbanisation was highest for the 'tight' wage 
strategy where more employment was available. It was 
seen that the relatively faster rise of wages under the 
'liberal' strategy led to increased concentration of 
incomes, as the almost identical wage bill was shared 
among a smaller number of people.
The comparison of the 'phased' alternative to 
the basic projection indicated that a given long-term increase 
in wages can be concentrated in various intervals of the 
projection period without any significant differences 
emerging at the end of the period.
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CHAPTER 14
ALTERNATIVE STRATEGIES TOWARDS 
SMALLHOLDER AGRICULTURE
Section 14.1: Introduction
The first comparison in this chapter illustrates 
the effect of a strategy where the growth of smallholder 
agriculture is promoted through increased lending by the 
government to finance investment in those sectors. The 
comparison to the basic projection will be used to 
investigate the effect of a long-term strategy to promote 
rural incomes on the pattern of rural-urban migration over 
the period. The model designed for this study makes it 
possible to take into account not only the reduction in 
differentials, but also the effect of increased rural 
expenditures brought about by any strategy that increases 
the long-term growth of rural incomes.
As explained in Section 8.2, alternative government 
strategies on lending to finance investment in smallholder 
agriculture, specify the amount of loans to be a percentage 
of total net investment (from savings out of rural incomes 
as well as loans) in any year. The experience of the Papua 
New Guinea Development Bank has indicated that it is not 
possible to increase the amount of lending rapidly without 
a fall in the productivity of the investments financed.
The basic strategy on lending specified a gradual increase 
in the proportion of loans to total net investment in 
smallholder agriculture, rising from less than 5% in the 
base year to 33% by 1984 as shown in Chart 14.1. The 
'ambitious' alternative follows the basic strategy to 1984;
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thereafter the proportion of loans is to increase to 40% 
by 1989. In both cases the proportion of loans to promote 
the production of food crops is to rise to 50% by 1986.
The terms of repayment are to be the same in each case: 
loans are to be repaid at 7.5% over a period of 15 years.
As Chart 14.1 shows, the 'ambitious' strategy 
represents only a minor departure from the basic long-term 
strategy on lending to smallholders. The results presented 
in Section 14.2 are based on assumption that the slightly 
higher lending over the latter half of the period will be 
just as productive, and would not lead to a decline in the 
profitability of investments in the smallholder sectors.
Such an assumption would certainly not hold true for sudden 
or massive increases in lending over the same period.
It should not be inferred that an even more ambitious 
strategy on lending would simply lead to correspondingly 
wider divergences from the basic projection.
The effectiveness of any such lending may also 
be reduced if it were assumed that any additional production 
of cash crops would result in a fall in the value of 
subsistence production. The effect of such an assumption 
on the basic projection was discussed in Section 12.3, 
and the following section concludes with some comments 
on the effect of the reduction in subsistence incomes on 
the differences that emerge between the alternative strategies 
for lending to smallholders.
Section 14.3 considers the effects of levying a 
tax of 10% on the production of export crops from 1981 to 
the end of the projection period. A comparison with the 
basic projection is used to indicate whether the additional 
revenue raised by the export tax is offset by the reduction 
of revenue resulting from the lowered disposable incomes,
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hence reduced investments by rural smallholders. The 
comparison will also illustrate the effect of a tax levied 
on export crops, but not food crops, on the pattern of 
production and the demand for imports.
A second comparison is presented to indicate how 
the differences between the basic and 'ambitious' strategies 
on lending to smallholders would be affected if these 
strategies were combined with the levying of an export tax. 
The imposition of an export tax acts to depress rural 
disposable incomes while the 'ambitious' lending strategy 
is designed to promote the growth of these incomes.
The final comparison in Section 14.3 compares the effects 
of the combination of these two policy options to the basic 
projection. Such a comparison can clarify whether the two 
policies offset each other in all respects, or whether they 
have different effects on different aspects of the pattern 
of production, the composition of the population or the 
distribution of incomes.
Section 14.2; Lending to rural smallholders
The more important differences between the 
long-term effects of the basic and 'ambitious' strategies 
on lending are summarised in Tables 14.1 to 14.6. The first 
of these shows the growth, and sources of finance for 
investment in smallholder agriculture. The two strategies 
differ for the first time in 1985. The additional lending 
in that year, under the 'ambitious' strategy, leads to higher 
production and to increased rural incomes. As discussed 
in Section 9.3, increased incomes per head (see Table 14.5) 
result in a higher share of rural incomes being reinvested 
in these sectors. As net investment out of savings 
increases, the amount of lending by the government also 
increases, relative to the basic projection. This leads to
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an increasing divergence between the alternative projections 
of investment and value added in smallholder agriculture, 
as shown in Tables 14.1 and 14.2 respectively.^
As incomes per head rise, the share of rural 
incomes spent on consumption, and the proportion of 
consumption spent on food (not produced by the subsistence 
sector) both decline slightly more rapidly than in the 
basic projection. This effect on rural expenditures is 
overshadowed by the considerably faster growth of total 
disposable incomes over the projection period. Table 14.6 
shows a marked increase in all components of demand generated 
by rural expenditures.
The allocation of rural savings to various kinds 
of investments is assumed to be the same in both projections. 
The growth of investment in smallholder agriculture is 
shown in Table 14.1. The increased investment of savings 
in plantations causes the share of the plantation sector 
owned by rural smallholders to rise to 43% by the end of 
the period under the 'ambitious' strategy, compared with 
37% in the basic projection. The increase in investment 
in the rural small scale production of industrial goods and 
services leads to the relative increase in the output from 
this sector, shown in Table 14.6.
That table also shows that the relative increase 
in rural demand for industrial goods, including consumption 
and investment demand, is considerably greater than the 
corresponding increase in production by rural small-scale
1 The faster growth of food crop production, in both 
projections, is brought about by the allocation of 
government loans to favour food producers.
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industry. Nearly 90% of the additional demand is met by 
increased urban production or from imports. The boost 
to urban industry leads to a comparatively faster growth 
of demand for labour in modern industry.
The relative increase in wage employment leads 
to higher urban incomes and expenditure, resulting in 
further expansion of industrial production and employment 
in subsequent years.^ In both projections, the rate of 
net rural-urban migration adjusts to the growth of job 
opportunities, and Table 14.3 indicates the proportion 
of the population in urban areas rises more rapidly under 
the 'ambitious' strategy for lending to rural smallholders. 
Contrary to some expectations, a strategy that raises 
rural incomes per head does not lead to a reduction in 
net migration when all secondary effects are allowed for.
In this comparison, the effect of the additional job 
opportunities over the period outweighs the effect of the
1 The relatively faster growth of wage employment
under the 'ambitious' strategy shown in Table 14.3 
is accounted for by the faster growth of the modern 
industrial sector. Government strategies on the 
provision of employment in education and infrastructure 
are identical in both projections. The increased 
growth of modern industry under the 'ambitious' strategy 
leads to a slight increase in government revenue, 
and to a corresponding reduction in the government's 
indebtedness at the end of the period.
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reduction of the differential between rural incomes and 
urban wages (see Table 14.5).^ The most noticeable effect 
of the reduction of differentials as rural incomes rise 
relatively faster, is that the proportion of the urban 
workforce not in wage employment is lower than in the 
basic projection. In each case, as in the projections 
discussed in earlier chapters, the rate of employment 
approaches a level where the probability of not finding 
wage employment offsets the incentive to migrate, created 
by the difference between urban wages and rural incomes 
per head. Provided this differential is not increased, 
increased migration in response to a faster growth of wage 
employment need not lead to a lower rate of employment in 
urban areas.
While the proportion of the urban workforce not 
in wage employment is reduced, the relatively faster 
growth of the urban workforce under the 'ambitious* strategy 
results in an almost identical number of unemployed and 
self-employed as in the basic projection. Table 14.5 
shows a relatively faster rise in the incomes per head of
1 The relative increase in wage employment depends
on the share of the additional demand generated by 
rural expenditures that is met by urban industry, 
rather than by additional production by rural small- 
scale industry. To test the sensitivity of the 
effect of increased lending on migration, the 
comparisons were repeated assuming that 50% (rather 
than 20% in the comparison discussed in the text) 
of rural investment was directed to rural small-scale 
industry. That change allowed a higher share (32% 
as against 11% in the comparison in the text) of 
additional rural demand to be supplied from rural 
industry. The differences in net migration were reduced, 
but it was still found that the population in urban 
areas in the latter half of the period was increased 
by adopting the 'ambitious' strategy on lending.
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the self-employed in towns as output of the urban informal 
sector increases slightly more rapidly under the 'ambitious1 
strategy (see Table 14.2). The faster growth of this sector 
is brought about partly through higher remittances from 
the increased number of wage earners, and partly through 
increased investment from the earnings of the self-employed. 
As incomes per head rise, a higher proportion is saved and 
reinvested leading to further rises in income per head in 
later years.
As the level of employment is higher, and the 
self-employed in towns are better off, the 'ambitious' 
strategy on lending to rural smallholders results in a 
more equal distribution of urban incomes (see Table 14.4).
The relative increase in rural incomes is greater than 
the relative increase in urban incomes, so the concentration 
ratio of all cash incomes is reduced more rapidly than in 
the basic projection. The higher incomes per head in both 
locations under the ambitious strategy brings about a 
comparatively faster reduction in the fertility rates, so 
that the total population at the end of the period is a 
little lower than in the basic projection.
The alternative strategy on lending has 
negligible impact on the balance of trade. The increase 
in the production of non-subsistence foodstuffs is greater 
than the increase in demand out of both urban and rural 
incomes. The proportion of non-subsistence food consumption 
met from imports declines more rapidly from over 80% to 23% 
under the 'ambitious' strategy, compared to a decline to 38% 
under the basic strategy. However, the decreased dependence 
on food imports is offset by the increased imports of 
industrial products as the demand for industrial goods and 
services is relatively higher under the 'ambitious' strategy.
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The import content of each component of demand is assumed 
to be the same for both strategies,'*’ so the total volume 
of industrial goods imported is higher under the 'ambitious' 
strategy.
The simulation model can be used, not only to 
exhibit the pattern of differences in the long-term effects 
of alternative policies, but also to investigate whether 
the differences persist when the comparisons are repeated 
under different conditions. For example, the results 
summarised in Tables 14.7 to 14.9 indicate that the 
differences between the basic and 'ambitious' strategies on 
lending do persist, but are less pronounced when it is 
assumed that subsistence production declines as monetary 
sector production expands. In both cases, subsistence 
production per head of rural smallholders is assumed to 
fall $1 for every $3 of additional monetary sector 
production per worker. As explained in Section 12.3, 
lower total incomes per head in rural areas lead to lower 
investment and the resulting reduction in the subsequent
growth of rural incomes and demand causes a relatively 
slower growth of urban industry and employment. A comparison 
of Tables 14.2 and 14.7 shows that the differences between 
the growth of the monetary sector of the economy under 
the basic and 'ambitious' strategies on lending are reduced 
if subsistence incomes fall.
Changes in the proportion of each component of demand 
met from domestic production and imports are 
presented in Table 8.5; in both cases, the proportions 
imported are assumed to fall gradually over the 
projection period.
1
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The narrowing of these differences stems from 
the relatively greater reduction of monetary incomes per 
head in rural areas for the 'ambitious' strategy. This 
may be seen from a comparison of Tables 14.5 and 14.9.
A smaller difference in rural incomes results in a smaller 
change in rural savings and investment. Consequently, 
there is a slower divergence of rural incomes associated 
with the alternative strategies in later years, which has 
a corresponding effect on urban sectors. Comparison of 
Tables 14.3 and 14.8 indicates that wage employment at the 
end of the period is lower when subsistence incomes fall, 
and the difference between the basic and 'ambitious' strategies 
on lending are again reduced. These changes are then 
reflected in the pattern of migration. Net migration is 
reduced and the differences between urban populations 
shown in Table 14.8 are smaller than those shown in Table 
14.3.
The narrowing of differences between the two 
alternative strategies on lending can be seen from an 
alternative viewpoint. It is possible to use the first 
and third columns of Tables 14.7, 14.8 and 14.9 to compare 
the basic projection (where subsistence incomes do not 
change) to the 'ambitious' lending strategy combined with 
an assumed decline in subsistence production. This 
exercise indicates that increased lending acts to offset 
the effect of the fall in subsistence incomes. For example, 
the comparison shows (see Table 14.7) that increased 
lending could still lead to an increase in rural smallholder 
production compared to the basic projection.
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Section 14.3: Export tax on production by smallholders
The effects of levying a tax of 10% on the 
production of smallholder export crops,^ from 1981 to the 
end of the period are summarised in Charts 14.2 and 14.3, 
and in Tables 14.10 to 14.13.
As explained in Section 8.2, investment in
smallholder agriculture financed by rural savings is
allocated between export and food crop production in the
ratio of net incomes earned from each sector. The
allocation of government loans results in a faster growth
of incomes in the food-producing sector, which leads to a
steady increase in the share of investment allocated to
this sector, as shown in Chart 14.2. The trend in the
pattern of investment in the basic projection is considerably
strengthened by the imposition of a selective tax which
lowers the net income from export crops relative to income
2from food crop production.
The export tax not only changes the allocation 
of investment, but reduces the total volume of net investment 
out of rural incomes. This leads to a relative decline 
in the output of both smallholder sectors, when compared 
to the basic projection (see Table 14.10). The relative
1 Although an export tax would fall on plantation, as well 
as smallholder output, the effect will be felt only 
in the smallholder sector. Because taxes on profits 
in the plantation sector are adjusted to permit a 
specified rate of return to capital, the effect of any 
export tax will be compensated by a reduction in tax 
on profits.
A similar change in the pattern of investment would be 
caused by a relative fall in the exogenously determined 
prices for export crops.
2
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reduction is greater in the export sector because of the 
lower share of investment going into that sector. The 
slower growth of rural production and incomes results in 
a slower growth of demand, and hence to a reduction in the 
rate of growth of the industrial sectors. Table 14.10 
shows that the government sector alone expands more rapidly 
over the period: the additional revenue generated by the
export tax permits a slightly increased growth in 
expenditure on the provision of infrastructure. This is not 
enough to offset the decline in the other sectors, so total 
monetary sector production increases rather more slowly 
than in the basic projection. Moreover, Chart 14.3 indicates 
that the net gain in revenue from the export tax would, in 
time, be cancelled by the loss of revenue due to the slower 
growth of the modern industrial sector.
Immediately after the export tax is imposed, 
the faster growth of revenue permits an increase in 
employment and expenditure on the provision of infrastructure. 
Total wage employment for 1986 is higher than for the basic 
projection. After some delay, the reduction of employment 
in modern industry (due to the fall in rural demand) more 
than offsets the increased employment in infrastructure.
By the end of the period, the export tax strategy results 
in a relative fall in total employment.
Table 14.13 indicates that the imposition of 
the export tax depresses rural incomes quite substantially.
At the same time, there is a very slight increase in urban 
wages as the productivity of labour rises with the relatively 
increased provision of infrastructure. The considerable 
widening of the rural-urban differential means that the 
incentive to migrate remains positive for a lower probability 
of finding wage employment, so that the export tax leads to
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a higher proportion of the urban workforce not in wage 
employment (see Table 14.11). The combined effect of the 
early relative rise in wage employment, combined with the 
higher income differential, leads to increased migration 
following the imposition of the export tax from 1981.
Table 14.11 shows that the difference between the percentage 
of population in urban areas widens up to 1996. After this 
the effect of the relative decline in job opportunities 
outweighs the increased difference between urban wages and 
rural incomes, so the percentage of the population in town 
increases less rapidly than in the basic projection.
The higher number of people in urban self- 
employment acts to reduce incomes per head in that sector. 
The consequent reduction in savings and hence investment 
and production reinforces this trend, resulting in a 
relatively higher concentration of urban incomes in favour 
of wage earners. Table 14.12 indicates that there is an 
even more marked effect on the concentration of all cash 
incomes. The concentration still declines over time; 
rural incomes still rise faster than wages, but the 
reduction of inequality is much slower than observed in 
the basic projection.
Tables 14.10 to 14.13 also present results from 
a projection where a decision to impose an export tax is 
combined with the 'ambitious' strategy on lending to 
rural smallholders. Many comparisons are possible; it is 
particularly interesting to compare the effects of the 
combination of both strategies on the proportion of the 
population in urban areas. The differential between rural 
incomes per head and urban wages is reduced compared to 
the projection where only the export tax is imposed (see 
Table 14.13). However, this reduction in the incentive to
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migrate is more than offset by the increased job 
opportunities indirectly generated by the 'ambitious' strategy 
strategy on lending. Table 14.11 shows that urbanisation 
proceeds most rapidly when the two strategies are combined.
To conclude this chapter, the comparison of the 
combination of these two strategy options to the basic 
projection also serves to highlight the opposing effects of 
the two decisions on nearly all of the variables appearing 
in these tables. While the export tax leads to a decrease, 
the increased lending strategy tends to increase smallholder 
output"^ and total monetary sector production. The export 
tax results in lower wage employment, a lower rate of 
employment in towns and higher concentration of income at 
the end of the period: in the previous section, the
'ambitious' lending strategy was seen to have the opposite 
effects on these variables.
1 The combined effect of these two options shows a
decline in total smallholder production relative to 
the basic projection (see columns 1 and 3, Table 
14.10). However, both decisions favour food crop 
production and the shift in the pattern of smallholder 
production allows a relative increase in food 
production, at the expense of export crops.
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CHAPTER 15
THE IMPACT OF A MAJOR HYDROELECTRIC PROJECT
Section 15.1: The characteristics of the project
One of the important strategy options open to the 
government of Papua New Guinea is the promotion of major new 
projects to exploit the nation's natural resources. The model 
has been designed to study the long-term impact of such 
projects initiated during the projection period. The 
projections in the preceding chapters have considered two 
large copper mining projects commencing production in 1972 
and 1982. This chapter describes the effects of an additional 
project: a major industrial complex using the hydroelectric
potential of the Purari River flowing through the central 
part of Papua New Guinea. As well as considering the impact 
of the project on the long-term growth of government revenue, 
total monetary sector production and the share of income 
accruing to foreigners, the comparisons will indicate the 
indirect effects on the growth of wage employment and provision 
of government services.
A full-scale feasibility study of this project 
commenced in 1975. That study is expected to take several 
more years so the parameters used to generate the projections 
in this chapter are based on a preliminary survey of the 
hydroelectric project.^ It will be possible to utilise
1 Report by Purari Industrial Survey Mission, Tokyo,
March 1975. Estimates of the values of investment, 
output and prices in the report were stated in $US (1975). 
These have been converted to Australian dollars and 
deflated to allow for price changes from 1968/69.
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revised estimates of the nature, scale and timing of the 
project as such information becomes available.
The projections are based on the assumption that 
the construction of the main dam across the Purari River will 
commence in 1982, after the construction phase of the second 
copper project is concluded. The bulk of the investment in 
the new project will be in the factory complex to be 
constructed from 1987 to 1990. Production is to commence from 
1988, with full productive capacity to be reached in 1991.
Chart 15.1 sets out the time paths of investment and output"^ 
from the hydroelectric project, comparing these to the 
corresponding time paths for the two copper projects.
The allocation of investment expenditures between
wages and demand for industrial products are based on the
coefficients used for the copper projects, set out in Table 8.4.
According to these coefficients, 18,000 men would be employed
2at the peak of the construction phase, falling to 11,000 
during the production phase.
All of the output of the hydroelectric project is 
to be exported. It is envisaged that the industrial complex 
would embrace a number of processes relying on a low-cost 
energy source. The main activities would include aluminium
1 Assuming constant prices of output from these projects 
over the projection period.
2 Investment during the production phase, shown in Chart 15.1, 
is replacement investment estimated at 2% p.a. of the 
value of capital. This rate is set to be slightly
higher than the rate of depreciation allowed for in the 
analysis of the Bougainville copper project by Scott 
(1973).
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refining, production of chemical fertilisers and some refining 
of copper concentrate from the other major projects. The 
projection of exports from the two copper projects are reduced 
by the amount of output used as raw materials by the 
hydroelectric project (see Table 15.8). Table 15.1 sets out 
the assumed composition of intermediate inputs, expressed 
in terms of units of production. The preliminary survey 
provided estimates only for the total demand for labour at 
full production. The coefficients used to disaggregate this 
demand by skills are shown in Table 15.2. The proportions 
employed at each skill level are taken to be a weighted average 
of the corresponding proportions in the copper projects and 
in modern industry,'*' with a higher weighting of 70% to the 
former.
In addition to these characteristics, the effects 
of such a project on the projections of economic and 
demographic variables will depend on the government’s strategy 
on acquiring a share of ownership in the project, and on 
the taxation of profits. in Section 15.2, these strategies 
are as for the other two major projects: the Papua New
Guinea government is to acquire a 20% shareholding and the 
tax rates are set to yield a 10% rate of return on capital 
invested. Alternative strategies on ownership and taxation 
are considered in Section 15.3.
Section 15.2: The impact of the project
Chart 15.1 shows that the expected production 
from the hydroelectric project is greater than the combined
1 Shown in Tables 8.4 and 8.6 respectively.
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production from the two copper projects, so that a government 
decision to proceed with the hydroelectric project in the 
latter half of the period would result in a significant 
increase in domestic revenue. The impact of the hydroelectric 
project will depend on whether there is a concurrent reduction 
in foreign aid. In this section the effects of the project 
are compared to the basic projection, assuming firstly that 
aid flow will be unchanged, secondly that aid flow will be 
cut as shown in Chart 15.2.
In Section 12.2 it was shown that such a reduction 
of aid in the absence of the hydroelectric project would 
require a sharp cutback in the provision of infrastructure.
In contrast, Chart 15.2 incidates that the revenue generated 
by the additional project can more than offset the reduction 
in aid. Chart 15.3 shows that the provision of infrastructure 
can expand more rapidly than in the basic projection with no 
increase in indebtedness at the end of the projection period.
The additional expenditure by government, together 
with the demand generated by the hydroelectric project raise 
the demand for industrial products. The resulting growth in 
domestic industrial output leads to higher investment and 
employment relative to the basic projection, which gives a 
further boost to the demand for industrial products in 
subsequent years: Table 15.4 indicates that the indirectly
generated increases in demand far exceed the direct impact 
of the additional project. The accelerated growth of 
domestic industry, together with the increased government 
activity, lead to an increase in total monetary sector 
product that is also considerably greater than direct 
contribution of the value added within the hydroelectric 
project. Table 15.5 indicates that even when aid is reduced, 
value added by the projects represents only 60% of the
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overall increase in monetary sector income over the period, 
when compared to the basic projection. If aid is not 
reduced, the corresponding figure is 48%, so the indirect 
effects exceed the project's direct contribution.
While most of the indirect effects are on government 
services and modern industry, Table 15.5 shows that the 
relatively faster expansion of these sectors gives rise to 
some increase in output in the other sectors. Part of 
this effect acts through the relatively higher productivity 
of labour and capital brought about by the increased provision 
of infrastructure; this permits a slight relative increase 
in the output of plantations. In smallholder agriculture, 
the higher output is due partly to the improvement in 
productivity, and partly to the increased flow of remittances 
to smallholders out of the increased earnings of indigenous 
employees in the modern sectors of the economy (see Table 15.9): 
the introduction of the hydroelectric project generates a 
more rapid growth of employment and wage rates rise slightly 
faster than in the basic projection due to the relatively 
faster growth of the productivity of labour.^-
The long-term impact of the project on the balance 
of government receipts and outlays, and the balance of 
payments are now considered: Table 15.7 sets out the impact
of the accelerated growth of the economy on government revenue.
1 The wage rates for unskilled labour at the end of the 
period are 3.1% higher than in the basic projection if 
the aid flow is unchanged, and 1.2% higher if aid flow 
is cut with the introduction of the hydroelectric 
project.
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Most components of revenue are considerably increased, 
with the indirectly generated increases being nearly as 
important as the revenue drawn directly from the hydro­
electric project. Revenue from indirect taxes is higher, 
brought about by increased domestic production and the 
relatively higher imports of food and industrial products 
(see Table 15.8). The more rapid growth of modern industry 
resulting from the establishment of the hydroelectric 
project generates a larger increase in government revenue/ 
while the significant increase in the wage bill gives 
rise to an increase in income tax revenue.
These additions to revenue are used to finance 
increases in government expenditure. Chart 15.3 indicates 
that government expenditure on infrastructure can be higher 
throughout the period beyond 1976, more than ten years before 
revenue from the additional project begins to accrue to the 
government. The higher expenditure in the earlier years 
leads to higher indebtedness, but allows a steady trend of 
expenditure to be maintained over the long-term period.
The sharp increase in the government's indebtedness over the 
years 1987 to 1990 results from borrowing to finance the 
government's 20% share in investment in the hydroelectric 
project. This borrowing is subsequently repaid out of the 
additional revenue generated during the production phase of 
the project. Chart 15.3 also indicates a departure from the 
smooth expansion of government expenditure in the late 1980s:
Rates of tax on profits of modern industry and plantations 
will be higher than in the basic projection, as the 
relative improvement in productivity leads to higher 
profitability in these sectors.
1
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these adjustments to the phasing of government activity- 
are designed to dampen the fluctuations of demand caused 
by the coming and passing of the massive construction 
phase.
The increased expenditure on education shown 
in Table 15.7 is necessitated by the higher demand for 
skilled and professional manpower (see Table 15.6).^
Changes in some other areas of expenditure are of less 
significance. Lending to smallholders is slightly higher as 
this is linked to the higher rate of investment in rural 
smallholder agriculture, boosted indirectly by the hydro­
electric project. The 'other' items of expenditure in 
Table 15.7 comprise net investment in the private sector 
and net change in reserves? these items are subject to 
considerable annual fluctuations so comparisons at a 
particular year are not meaningful.
Changes in the pattern of demand and production 
are reflected in the balance of payments at the end of 
the period. Table 15.8 shows that imports are higher than 
in the basic projection? as well as imports of raw materials 
processed for re-export by the new project, there is a 
relative increase in imports of food and industrial products. 
The increased smallholder production of food is not
1 The effects of the hydroelectric project on the
composition of wage employment are discussed in more 
detail below.
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sufficient to meet the higher demand for non-subsistence 
foodstuffs.'*' The proportion of each component of demand 
for industrial products met from imports is assumed to be 
the same for each projection, so imports rise with the 
growth of demand.
Exports increase more than imports. There is a 
small increase in agricultural exports, but most of the 
additional exports are from the hydroelectric project 
itself. The fall in exports from the copper projects 
indicates the value of copper concentrate to be refined by 
the new project.
Table 15.8 shows the profits accruing to foreign 
owners of the hydroelectric project. The government's 
share of ownership in the other modern sectors is the same 
in all three projections so the accelerated growth of 
modern industry leads to a higher flow of profits accruing 
abroad. Table 15.9 indicates that the decline in the 
relative share of income accruing to foreigners is not as 
rapid as in the basic projection. The share accruing to 
foreigners remains the highest if aid flow is reduced with 
the introduction of the project,as income generated in 
the other sectors expands less rapidly compared to the 
case where aid flow is unchanged.
1 Demand for non-subsistence food production is boosted 
by the introduction of the hydroelectric project for 
two reasons: incomes per head are higher in both
locations and a higher proportion of the population will 
be in urban areas (see Table 15.3) where consumption of 
food out of cash incomes is higher than in rural areas. 
The proportion of non-subsistence food requirements met 
from imports at the end of the period is 41% (and 40%) 
without (and with) aid cuts associated with the project, 
compared to 38% for the basic projection.
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The impact of the hydroelectric project on the 
population is summarised in Table 15.3. The slightly 
slower growth of population, compared to the basic projection 
is due to the more rapid increase of indigenous personal 
incomes (see Table 15.9). Table 15.3 also indicates the 
relative increase in the urban population as additional 
migration is induced by the considerable increase in employment 
opportunities. There is no long-term effect on the proportion 
of the urban workforce not in wage employment in the three 
projections, as the differential between urban wages and 
rural incomes per head is not significantly affected by the 
hydroelectric project. Wages rise slightly faster, but 
rural incomes per head also increase given the relatively 
faster growth of rural production (see Table 15.5), and the 
relatively smaller proportion of the population remaining 
in rural areas. Table 15.10 indicates that the establishment 
of the additional major project does not have a significant 
effect on the concentration ratio of indigenous personal 
incomes.
These changes in the population influence the 
expansion of the education system. The basic strategy 
on education is followed in all three projections, but 
enrolments in primary schools and in Forms 1-4 of secondary 
schools are marginally lower, reflecting the slight 
reduction in the growth of the school-age population. On 
the other hand, enrolments are higher at the upper levels 
of the education system, since the basic strategy is 
designed to match the supply of manpower with tertiary 
qualifications to the demand for professional and sub­
professional employment.
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Charts 15.5(a)-(b) indicate that the rates of 
replacement of expatriates are allowed to be slightly slower 
with the introduction of the major project. This is to 
permit a smooth time path of enrolments in all tertiary 
institutions/ with no cutbacks over the projection period. 
Enrolments in universities are the same for all projections; 
Chart 15.5(b) shows the lower 'spillover' of persons with 
university degrees to sub-professional positions as the 
demand for such personnel increases with the impact of the 
hydroelectric project. Chart 15.5(c) shows the different 
rates of replacement of expatriates at the skilled level, 
given that secondary enrolments are similar in each case. 
However, once all expatriates are replaced, the continued 
expansion of secondary enrolments in line with the growth 
of population leads, in all cases, to an excess of secondary 
graduates over the demand for skilled manpower. Chart 15.5(d) 
indicates the different extent to which unskilled jobs are 
taken up by secondary graduates, displacing those with 
lower qualifications.
Section 15.3: Alternative strategies on taxation and
ownership
The first comparison in this section studies the 
effect of a strategy on taxation that permits a 12% rate of 
return to capital rather than the 10% rate of return after 
tax considered in the previous section. Such a strategy 
option may become relevant if higher profitability rates 
were considered necessary in order to attract foreign 
investment to finance the project. This comparison will 
show the reduction of domestic revenue resulting from the 
cut in tax rates, and the relatively slower growth of the 
other sectors brought about by a corresponding reduction 
of government expenditure on the provision of infrastructure.
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The second projection is used to explore the 
effects of a decision to acquire a 50% rather than 20% share 
in ownership in the hydroelectric project. This comparison 
will indicate whether the extra government outlay during 
the construction phase, to acquire the higher share of 
ownership, is offset by an increased flow of dividends by 
the end of the projection period. All three projections 
considered in this section are based on the assumption that 
the flow of foreign aid will be unchanged from the basic- 
projection. The figures in the first column of Tables 15.11 
to 15.14 repeat the corresponding figures from the second 
column of Tables 15.3, 15.5, 15.7 and 15.9, respectively.
Chart 15.6 shows the reduced flow of revenue to 
the government if tax rates on the profits of the hydroelectric 
project are cut in order to permit a higher rate of return 
to capital. It has been assumed that the government provision 
of infrastructure will be reduced as shown in Chart 15.7, 
in order to avoid an increase in indebtedness at the end of 
the period (see Chart 15.8). The reduction of government 
expenditure means lower demand for industrial products, hence 
a slower growth of production and employment in modern 
industry. The growth of smallholder production and output 
from the informal industrial sector are also reduced. 
Remittances from wage incomes are lower because of the cut 
in the growth of employment, and productivity is reduced 
because of the curtailed provision of infrastructure by the 
government. The reduction in domestic revenue is made more 
severe by the general reduction in production as shown in 
Table 15.13.
The concentration ratio of indigenous personal 
incomes is not significantly affected. In contrast,
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Table 15.14 indicates the increase in the share of the 
reduced total income accruing as profits to foreign owners 
of capital.
Turning to the second comparison, Chart 15.8 
indicates the increased indebtedness over part of the 
projection period that would be incurred if the Papua New 
Guinea government were to finance 50%, as against 20%, of the 
original investment. However the higher outlay during the 
construction phase is offset by an increased flow of revenue 
during the production phase. The revenue from taxes on 
profits is not affected, but the government would receive a 
higher share of profits after tax as shown in Table 15.13 
(see also Chart 15.6). The projections show that the increase 
in revenue is sufficient to allow for an improvement in net 
indebtedness by the end of the period with no alteration in 
other government strategies. Moreover, Chart 15.8 suggests 
that the trend of government activity shown in Chart 15.7 
could be maintained rather longer than for the case where the 
government holds only a 20% share of ownership.
Since government expenditure on infrastructure or 
education is not altered, the decision to acquire a higher 
share of ownership in the hydroelectric project has no effect 
on production and employment over the period. This implies 
there are no effects on the population - hence results for this 
strategy are not presented separately in Tables 15.11 and 
15.12. Finally, Table 15.14 shows the relative reduction in 
the share of total monetary sector income accruing to foreign 
investors by the end of the period.
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CHAPTER 16
ALTERNATIVE STRATEGIES FOR EDUCATIONAL EXPANSION
Section 16.1: Introduction
In this chapter, projections generated by the 
simulation model are used to explore the effects of 
alternative strategies leading to a 'restricted' or an 
'accelerated' expansion of enrolments in the education 
system, relative to the basic strategy for education. The 
structure of the Papua New Guinea education system, slightly 
simplified for the purpose of the model, was summarised in 
Table 5.1, setting out the normal age of entry, the length 
of the course and the policy variables used to define 
strategies for the expansion of enrolments at each level.
The basic long-term strategy for educational expansion, 
expressed in terms of these parameters, was described in 
Section 5.1; the distinguishing features of the 'restricted' 
and 'accelerated' strategies to be compared in this chapter 
are as follows:
1. Primary schools: The growth of enrolments is
derived from alternative time paths of the proportion 
of entry-age children to be admitted, as shown in 
Chart 16.1. Under the 'accelerated' strategy 
universal primary education is to be attained
four years earlier than in the basic strategy, 
while under the 'restricted' alternative, the 
proportion of seven-year old children to be enrolled 
is kept at 80% from 1986 to the end of the period.
2. Secondary schools: The phasing of changes in the
transfer rates from primary to secondary schools
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over the projection period are also illustrated 
in Chart 16.1. Under the 'accelerated' strategy, 
transfer rates are kept at 30% for the remainder 
of the period,compared to a gradual decline to 
20% and 10% in the basic 'restricted' strategies 
respectively.
3. Senior High Schools: In each case, the flow of
graduates is adjusted to match the intake to the 
following tertiary institutions:
4.-5. Primary and secondary 'teachers' colleges: The
growth of these institutions is designed to permit 
the replacement of expatriate teachers from primary 
and secondary schools by 1980 and 1985 respectively. 
Thereafter, the flow of graduates is adjusted to 
allow for the replacement of retiring teachers 
and the growth of primary and secondary enrolments 
corresponding to each strategy choice.
6. Universities: Under the basic and 'restricted'
strategies, the capacity of universities is held 
constant at 2,750 from 1977 to the end of the 
projection period; under the 'accelerated' strategy, 
university enrolments expand at 2% p.a. for the 
remainder of the period.
7. Other tertiary institutions: In each case, the
flow of graduates is adjusted to allow all 
sub-professional positions in the modern sectors 
to be filled, by 1986, with indigenous personnel 
holding tertiary qualifications. Thereafter, the 
flow is adjusted to match vacancies created by
the growth of the economy, allowing for retirements 
and for some of the vacancies to be filled through 
attrition from the teaching service and by university 
graduates unable to find professional employment.
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The comparisons of these strategies are used to
illustrate their long-term effects on the educational
composition of the population, emphasising changes in the
distribution of people with different qualifications among
various occupations in rural and urban areas. The choice
of alternative strategies for education will lead to
corresponding changes in the options available regarding
strategies in other fields, mainly through changes in the
pattern of public expenditure. One of the most interesting
effects is that when less is spent on education, .more is
available for infrastructure and vice versa. Therefore,
in comparing educational strategies, each alternative is
combined with a corresponding change in expenditure on
infrastructure. These adjustments will have opposing effects
on productivity, and the differences in the effects on
long-term economic growth will depend on the values of
parameters used to derive changes in productivity. The first
set of comparisons, in Section 16.2 are generated using the
same parameter values that were used to generate the
2basic projection; Section 16.3 tests the sensitivity of 
the differences in the effects on economic growth to the 
assignment of higher values linking improvements in
1 Any variation in expenditure on education could be
offset in alternative ways. For example, the model can 
be used to show that if the 'tight' wage strategy 
described in Chapter 13 were combined with the 'accelerated' 
educational expansion, then the same growth of employment 
in the provision of infrastructure can be maintained 
with no increase in government indebtedness at the end 
of the projection period.
The parameter settings and the formulae used to derive 
changes in productivity from the provision of infrastructure 
and changes in educational composition were presented in 
Chapter 8.
2
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productivity to improvements in the educational composition of 
the self-employed workforce in either location.
Section 16.2: The Restricted1 2 and 'accelerated1 alternative
strategies
The increasing enrolments, staff and expenditure
requirements under the alternative strategies for education
are summarised in Table 16.1 while Chart 16.6 shows the time
paths of the proportion of total government expenditure
devoted to education.1 Table 16.1 shows that a 3% increase
in total enrolments and costs is sufficient to provide for
a 100% intake to primary in 1986 under the 'accelerated'
strategy, relative to a 90% intake under the basic strategy:
the enrolments in the three upper grades of the six-year
2course are identical. In later years staff and expenditure
1 The fall in the proportion of total expenditure on 
education over the period 1976 to 1981 is due partly to 
the relative decline in the rate of growth in expenditure 
on education as most expatriates are replaced by 
indigenous teachers receiving much lower salaries, and 
partly to the assumption that expenditure on infrastructure 
would expand more rapidly up to 1980 than in later
years. The offsetting changes in expenditure on 
education and infrastructure are shown in Table 16.5.
2 On the other hand, in 1991, enrolments are still 3%
higher under the 'accelerated', compared to the basic 
strategy, although all seven-year old children are 
admitted under both these alternatives. The small 
relative increases in enrolment are catered for by 
allowing for a marginal rise in the average pupil/teacher 
ratios in primary schools: the ratios in 1986 are 36.1
and 35.2 in the 'accelerated' and basic strategies, 
respectively. As the density of the rural population is 
low, and communications are poorly developed, it should 
not be inferred that universal primary education could 
be achieved even earlier, with no extra teachers, simply 
by allowing pupil/teacher ratios to rise considerably 
higher.
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requirements under the basic and 'accelerated' strategies 
are similar, but considerably higher than under the 
'restricted' strategy where primary schools cater for only 
80% of the school-age population.
Turning to the secondary level, it may be seen that 
enrolments expand rapidly in the basic and 'accelerated' 
strategies, whereas enrolments increase very slowly under 
the 'restricted' strategy as the transfer rate from primary 
to secondary schools declines throughout the latter part of 
the projectionperiod (see Chart 16.1). Differences in the 
growth of primary and secondary enrolments are reflected 
in the required expansion of teachers' colleges. University 
enrolments expand only under the 'accelerated' strategy and 
Table 16.1 also shows that the growth of enrolments in the 
other tertiary institutions is least for this option; there 
is a 0.2% increase in the number of sub-professional jobs to 
be filled at the end of the period under the 'accelerated', 
compared to the basic strategy, but a far higher proportion 
of these jobs is filled by university graduates (see 
Chart 16.3(b)).^
The transformation of the educational composition 
of the adult population (ages 15-60 years), under the three 
strategies, is set out in Table 16.2 and illustrated in 
Chart 16.2. The proportion of the population to have 
completed primary school increases rapidly in each case, 
though least rapidly under the 'restricted' strategy.
Chart 16.2 indicates that, although 30% of primary school
The expansion of universities rather than the other 
tertiary institutions (where costs per student are lower) 
would presumably be accompanied by a widening of university 
curricula to cater for some of the courses provided in the 
other institutions under the basic and 'restricted' 
alternatives.
1
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leavers transfer to secondary schools under the 'accelerated' 
strategy, less than 15% of all adults will have completed 
secondary school in 2006. The corresponding proportions 
for the basic and 'restricted' strategies are comparatively 
lower: 11% and 7%, respectively. The proportion of adults
with tertiary qualifications at the end of the period is 
less than 3% for all three strategies.
Charts 16.3(a)-(d) illustrate the changing 
composition of wage employment at each skill level that 
follows from the differences in the supply of personnel 
with various educational qualifications. The charts show 
that there is no perceptible variation in the rate of 
indigenisation of employment at higher skill levels; most 
expatriate employees are replaced by 1985, before the 
emergence of substantial differences in the supply of 
secondary and tertiary graduates corresponding to the 
different long-term strategies for education. Chart 16.3(b) 
shows the relatively higher proportion of sub-professional 
positions filled by university graduates under the 'accelerated' 
strategy, while Chart 16.3(d) illustrates the different 
proportions of unskilled jobs filled by secondary graduates 
unable to find skilled wage employment. Chart 16.3(d) also 
indicates that the supply of primary school leavers is 
sufficient, under all three alternatives, to lead to the 
displacement of most persons with no formal qualifications 
from wage employment.
The changing composition of employment at the 
unskilled level follows from the pattern of recruitment 
illustrated in Chart 16.5. After skilled positions are 
filled by indigenous employees around 1985, an excess supply 
of secondary graduates emerges under all three strategies,
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resulting in a sharp rise in the proportion of unskilled 
job opportunities taken up by secondary graduates at the 
expense of those with lower qualifications. Chart 16.5 
shows that this proportion then remains at a high level under 
the basic and 'accelerated' strategies, but declines once 
again under the 'restricted' strategy, as the transfer rate 
from primary to secondary education falls to 10% (see 
Chart 16.1). By the end of the period, there are very few 
secondary graduates remaining in unskilled employment under 
the 'restricted' strategy (see Table 16.3(b)), leaving a 
much larger number of these jobs to be filled by primary 
school leavers, compared to the other alternatives (see 
Table 16.3(a)). The basic strategy for wage determination 
(followed in all projections considered in this chapter) 
links the reduction of wage differentials by skill level 
to the emergence of an excess supply of qualified persons. 
Accordingly wage differentials are reduced less rapidly 
under the 'restricted' strategy for education, compared to 
the 'accelerated' strategy which leads to a considerably 
higher number of secondary graduates in unskilled rather 
than skilled employment; by the end of the projection 
period, 40% of unskilled positions would be filled by secondary 
school leavers."*- These changes in the workforce status of 
persons with different qualifications, and changes in wage 
differentials by skill level resulting from the strategies 
for educational expansion point to the central weakness of 
attempts to evaluate alternative strategies in terms of rates
The differential between skilled and unskilled wage 
rates for indigenous employees in modern industry at the 
end of the period is: 35% for the 'restricted'; 28%
for the basic and 27% for the 'accelerated' strategies 
for educational expansion.
1
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of return, assuming constant differentials in earnings by 
educational levels over the working life of the children 
whose educational opportunities are being planned.
The sharp reduction, around 1985, in job 
opportunities for those with less than secondary education 
also causes a rapid increase in the proportion of the urban 
workforce entering self-employment under the 'accelerated' 
strategy (see Table 16.2); the proportion out of wage 
employment subsequently declines as migration rates adjust 
to employment opportunities. In the intervening years, 
incomes per head in the urban informal sector are considerably 
lower than in the other projections, resulting in lower 
investment and a slower long-term growth of this sector under 
the 'accelerated' strategy, as shown in Table 16.5."*"
The differences in the composition of the urban 
workforce are, in turn, reflected in the pattern of migration. 
Table 16.2 shows that, as total wage employment expands 
at a very similar rate in all three projections, there is 
little difference in the long-term growth of the total urban 
population; however, there are considerable differences in 
the educational composition of rural-urban migrants over the 
projection period. Table 16.4 shows that the decline of the 
rate of migration for primary school leavers proceeds most 
rapidly under the 'accelerated' strategy as an increasing 
number of job opportunities are taken up by secondary school 
leavers. The number of job opportunities available for
The effects of lower investment overshadow the effects 
of changes in productivity due to changes in educational 
composition, or the provision of infrastructure. The 
effects of changes in productivity on other sectors of 
the economy are discussed below.
1
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persons with no formal qualifications is also reduced so 
their migration rates are also lowest under the 'accelerated' 
strategy. For the 'restricted' strategy, Table 16.4 shows a 
resurgence of migration rates towards the end of the period 
for persons with less than secondary education as their 
prospects for finding wage employment improve again (see 
Chart 16.5). Table 16.4 is concerned with migration in 
response to economic incentives, so does not include the 
movement of rural primary school leavers (aged 13 years) to 
enter secondary schools in towns. Total urban population 
increases at similar rates in all three cases, although 
'independent' migration in response to income differentials 
is lowest under the 'accelerated' strategy, because most 
secondary school leavers ultimately remain in urban areas.
Chart 16.4 illustrates that the differences in the proportions 
of adults with secondary (or higher) education under the 
three alternative strategies are almost entirely reflected 
in the educational composition of the urban population.
On the other hand, differences in the proportion of the 
population with at least primary education completed emerge 
clearly in the rural as well as the urban population.
Table 16.5 indicates that the effects on the 
growth of the economy caused by differences in educational 
composition are largely cancelled by the opposite effects on 
productivity of the offsetting changes in the provision of 
infrastructure. However, it may be noted that the growth 
of total monetary sector production is slightly faster, up 
to 1996, under the 'restricted' strategy due to the immediate
effects of improvements in productivity linked to the 
relatively increased expenditure on infrastructure. Thereafter, 
production expands more rapidly under the 'accelerated' 
strategy as the delayed, longer-term effects of faster
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educational expansion are registered, but the difference in 
the growth rate of total output, and hence in the provision 
of wage employment, only just begins to emerge at the end 
of the forty-year projection period. These effects on 
long-term economic growth are, of course, heavily dependent 
on the values assigned to the parameters relating changes in 
productivity to improvements in the educational composition 
of the workforce. It is, therefore, interesting to repeat 
the comparison of the alternative strategies for education 
with different assumed values of these parameters.
Section 16.3: Hierher productivity of education
Two alternative sets of parameters, relating the 
productivity of persons with various educational qualifications 
in smallholder agriculture and small-scale industry were 
set out in Table 12.18; the effects on the basic projection, 
resulting from the assignment of higher values to these 
parameters, were described in Section 12.6. This section 
is concerned to examine the effects of raising the values 
of these parameters on the differences between alternative 
strategies for educational expansion.
Table 16.7 shows the differences in the growth 
of value added in individual sectors of production. Despite 
the assumption of a greater effect on productivity due to 
improvements in educational composition, there is still no 
difference in the growth of smallholder production between 
the 'accelerated' and basic strategies for education.
Both options involve universal primary education beyond 
1990, while the additional secondary graduates under the 
'accelerated' strategy mostly remain in urban areas: the
differences in educational composition by location, shown 
in Chart 16.4, persist when productivity parameters are revised.
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In contrast, Table 16.7 indicates that the relative decline 
in the rate of growth of smallholder production in the last 
decade under the 'restricted' strategy, compared to the other 
two strategies, is much more evident when productivity 
parameters are raised (cf. Table 16.5). This greater 
difference is then reflected in a correspondingly wider 
difference in the rates of growth of modern industry over the 
last decade, due to relative reductions in demand generated 
out ofi rural incomes under the 'restricted' strategy."*"
Table 16.7 also shows that (as in Table 16.5) expenditure 
on infrastructure remains lowest for the 'accelerated' 
strategy within the projection period. Over a longer period, 
the additional revenue generated by the faster growth of 
production would ultimately allow for a relative increase 
in expenditure on infrastructure, as well as on education, 
compared to the 'restricted' strategy.
Turning to consider the relative impact of the 
higher productivity of educated persons on the composition 
of the population, Table 16.6 shows that the faster growth 
of the economy and the demand for wage labour lead, in all 
cases, to a higher proportion of the population in towns, 
when compared to the corresponding figures in Table 16.2.
The revised parameter settings also lead to a sharp reduction 
in the proportion of the urban population not in wage 
employment during the closing years of the period under the
1 Comparison of Tables 16.5 and 16.7 indicates that
modern industry grows faster in all three cases when 
productivity parameters are raised, leading to a faster 
growth of domestic revenue. This then permits a 
relative increase in expenditure on infrastructure under 
each of the alternative strategies for education.
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'accelerated' strategy: the rate of migration does not
adjust upward to cancel out the relatively faster growth 
of job opportunities, since rural incomes are increasing 
most rapidly compared to urban wages under this strategy.
Table 16.6 also shows that perceptible differences in the 
size of the total population also emerge only over the last 
ten years of the projection period, when the assumed influence 
of changes in education composition on fertility rates is 
reinforced by the effect of differences in incomes per head.
To sum up these comparisons, it should be noted 
that, for both sets of productivity parameters, the differences 
between the 'restricted' and 'accelerated' strategies 
emerge only over the final decade of the projection period.
No matter how much of an effect education is assumed to 
have on productivity in smallholder agriculture, there is 
a twenty-year delay before the effects of pursuing alternative 
strategies on education have a perceptible impact on economic 
growth. However, the differences that emerge by the end of 
the projection period have been shown to be sensitive to the 
values assigned to these parameters. Therefore, any 
evaluation of alternative educational strategies in terms 
of their long-term economic consequences should be preceded 
by further research to estimate the values of these parameters.
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CHAPTER 17 
CONCLUSION
Economic theory is not a stock of political 
recipes but, to use Mrs Joan Robinson's 
felicitous phrase, a box of analytic tools.
And these tools are not a heap of disconnected 
elements but form an engine. This engine 
grinds out results, within wide limits, no 
matter what the concrete problem is that is 
fed into it. It works the same way, formally, 
whether the problem is the effect of a tax 
or of a wage policy, or of a piece of 
regulation, or of protection and what not.
(Schumpeter (1954), p.474)
This study has attempted to construct a model 
which will serve in a concrete way as such an 'engine' 
of analysis and policy-making. The model has been constructed 
specifically for Papua New Guinea and takes account of the 
present working of the economy and the aspirations of the 
government. The model has been used to illustrate how the 
generally familiar individual linkages operate when assembled 
into an 'engine' to generate long-term projections of some 
important aspects of economic and demographic change. The 
first set of comparisons was designed to demonstrate the 
patterns of differences that arise when exogenous variables 
are altered, pointing out how and why projections under the 
particular strategy combinations will be affected by such 
variations. Further sets of comparisons have been presented 
indicating the ways alternative strategies can influence 
the process of development, and the extent to which differences 
between alternative strategy combinations persist under a 
range of exogenously determined conditions.
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The presentation has sought to provide a view of 
nation-building as a long, gradual, yet thorough process 
of transformation in the composition of the population and 
the structure of the economy. Little progress can be made 
over five, or even ten, years towards the eight aims 
proclaimed by the Papua New Guinea government. Therefore, 
projections have been made for a forty year period, which is 
sufficient to show perceptible changes in the desired 
directions. For example, depending on exogenous events and 
the strategies pursued, the projections have shown different 
rates of increase in the proportion of the economy under the 
control of Papua New Guineans, with a corresponding decline 
in the share of income accruing to foreigners. While 
considerable inequality remained at the end of the period 
in all of the alternatives presented, some of them showed 
an accelerating trend towards the equalisation of incomes 
through the growth of smallholder agriculture and other 
small-scale enterprises. The projections showed different 
rates of progress towards self-reliance, whether measured in 
terms of the proportion of food requirements met from imports, 
the share of government expenditure financed by foreign aid 
or the need to rely on expatriate personnel in skilled and 
professional positions. The forty-year period was found to 
be sufficient to extend primary education throughout the 
nation, yet barely long enough to transform the workforce 
into one where a majority have completed primary education.
In many respects, even a long span of four decades is not 
enough time to solve all the development problems of Papua 
New Guinea.
In the discussion and comparison of projections, 
the model has not been presented as a 'black box' which 
cannot be tinkered with. While there is a large number
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of linkages, the components of the model are essentially 
simple; all of them have been clearly labelled indicating 
how they have been chosen for the purpose of this study and 
assembled in a form which will permit subsequent adaptations.
There are several ways in which improvements can 
be made. The model was constructed on the basis of very 
limited data, so it will need constant retuning to generate 
projections consistent with new information as it comes to 
hand; the present version of the model itself can indicate 
priorities for the gathering of data, by investigating the 
sensitivity of projections to changes in particular parameters. 
The usefulness of the model can be increased by further 
disaggregation of some of its variables. For example, the 
input-output tables now available will permit the decomposition 
of the present category of 'industrial products' into several 
industries to study changes in the composition of demand 
and production in more detail. In addition, the distinction 
of specific components of government services from the 
general category of 'infrastructure' will increase the 
relevance of the model to the planning of government activities. 
A particularly important part of government decision-making 
is the allocation of services and the distribution of economic 
activities over different regions of Papua New Guinea.
This question involves long-term as well as short-term 
considerations, and the model should be extended as far as 
possible to deal with the evaluation of long-term strategy 
choices in this area of planning.
The model is not primarily intended as a means of 
forecasting the future, so the progressive improvement of 
the data base should not be seen as an attempt to perfect 
the predictive ability of the model. No matter how thoroughly 
each behavioural assumption of the model is validated,
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there will remain exogenous influences that can never be 
predicted over a long-term period. The main objective of 
the study is to guide policy-makers in choosing a combination 
of long-term strategies in a number of important fields.
Some of the examples presented have indicated how a long-term 
view of development considerably broadens the range of 
available options; decisions can be expressed in terms of 
the timing as well as the direction, or extent of changes 
in policy variables. Further examples were selected to 
draw attention to the problem of long-term policy formation 
in view of the unavoidable uncertainty regarding exogenous 
influences on the development of Papua New Guinea. The study 
has sought to go beyond the obvious point that current 
government decisions have long-term effects which should be 
taken into account, allowing for delayed and indirect 
effects as well as immediate, direct consequences. Alternative 
combinations have been presented to illustrate the concept 
of a long-term strategy as a consistent, connected sequence 
of actions over an extended period. In this sequence, 
actions in later years depend on the effects of earlier 
decisions in all policy areas: the variations have been
selected to highlight the fact that the aspects of policy 
formation considered in this study are ones where decisions 
cannot be taken in isolation. The issues are, by their 
nature, so interwoven that partial models to facilitate 
piecemeal policy-making are inadequate for the task facing 
the government of Papua New Guinea.
Only a few of the possible strategy combinations 
have been presented, under a very limited range of conditions; 
naturally, these cannot be used to draw conclusions. Some 
value judgements have been involved in deciding what options 
to consider and which differences in their effects should 
be commented on, but this study has not been designed to
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commend any strategy combination as 'better' than any 
other. Such conclusions must be based on objective functions, 
or criteria given by the policy-makers. In practice, these 
are not readily available, and are unlikely to be specified 
in the absence of some planning model to indicate what 
kinds of changes can be achieved by following alternative 
courses of action: there is no meaningful distinction
between ends and means over a long-term planning horizon.^"
As well as attempting to fill this need, an additional 
purpose of the present model is to enlarge the set of 
variables from which policy-makers can select their goals 
or criteria. Once some criteria are evolved, simulations by 
the model can be used to search for 'robust' strategy 
combinations that may be expected to lead to acceptable 
results, in those terms, under a wide range of assumptions 
regarding parameter settings and the time paths of exogenous 
variables. Further experimentation may also be carried out 
to judge whether evaluation of strategy alternatives depends 
not only on parameter values, but also on the structure of 
the model.
It is hoped that the present model will provide 
the policy-makers of Papua New Guinea with a useful basis 
for their planning, and for studying the interactions 
involved in the process of development. The most fruitful 
ways of enhancing the relevance of the model will be seen 
only when it is used to investigate actual policy issues.
The model has been constructed so that its further use to 
generate projections and possible adaptations of the present
1 The impossibility of such a distinction is stated by 
Streeten (1954).
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version may be carried out in Papua New Guinea, in cooperation 
with the people responsible for the selection and implementation 
of strategies to guide the development of their nation.
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